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element of length
solid angle.
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TECHNICAL MEMORANDUM X-53622

A GENERAL PROGRAM FOR THE CALCULATION OF RADIATION FROM AN
INHOMOGENEOUS, NONISOBARIC, NONISOTHERMAL ROCKET EXHAUST PLUME

SUMMARY

This report describes a computer program for evaluating radiation
from an axisymmetric gas body with water vapor, carbon dioxide, carbon
monoxide, and solid carbon particles as radiating constituents, and
hydrogen as a non-radiating constituent., The program uses band-averaged
absorption coefficients with the Curtis-Godson method of approximating
inhomogeneous gas .properties. This program provides a convenient method
of evaluating a great many problems of radiation from rocket exhaust
plumes, but available theory is somewhat limited by simplificatioms in
the geometry and input of the program. A more advanced program is being
formulated to remove these restrictions.

I, INTRODUCTION

The phenomenon of launch vehicle base heating results from convec-
tive heat transfer from exhaust gas recirculation due to plume impinge-
ment and from radiation from the exhaust flow field itself. Considerable
effort in the past has resulted in adequate methods of predicting convec-
tive heating for design purposes, but because of the extreme difficulty
of simulating the radiation phenomena on a model test, no adequate experi-
mental method yet exists for determining radiative base heating rates,.

This report outlines a general procedure for calculating radiation
from a single, nonisothermal, nonisobaric, inhomogeneous, multi-component
exhaust plume. A computer program for performing the necessarily arduous
calculations is presented, and the details necessary for its utilization
are documented.

The purpose of this report is to make available to interested parties
the method and computer program. No attempt is made to derive the rela-
tionships used or to justify the assumptions made. Emphasis is placed on
making the program immediately usable to the reader and on relating the
mechanics of the program to the equations used for the solution.



This report should alsr make available to a large number of people
a general method for analyzing exhaust plume radiation. It is believed
that the present method presents a significant step forward in the under-
standing of inhomogeneous radiative heat transfer.

IT, FLOW FIELD GENERATION

To evaluate radiation heating from rocket exhaust plumes, two
distinct operations must be performed: first, the flow field downstream
of the rocket motors must be predicted, and second, the general problem
of radiative transfer from inhomogeneous gas volumes must be resolved,
In this section, the generation of the flow field is discussed. This
report limits the discussion to single exhaust plumes; the flow field
from clustered rocket motors is considerably more complex and will be
treated at length in a future report.

The radiation calculation requires a knowledge of the temperature,
density, and concentration of each radiating constituent at various
locations in the flow field. Since the flow field is assumed to vary
linearly in all properties between input points, the more points that
are input, the more accurate the calculation. On the other hand, hard-
ware requirements (i.e., computer storage) put a stringent upper limit
on the number of points that can be input. By judicious choice of the
points, it is believed that any filow field can be adequately described
in the existing program.

The method of flow field generation is left to the option of the
user., In the original application, a real gas method of characteristics
program, described in reference 1, was used. This program uses thermo-
chemical data to predict concentrations of the various radiating species
for either equilibrium or frozen flow. This program gives a reasonable
description of the high altitude exhaust plumes. As explained later,
the radiance calculation requires input in the form of radial property
data at various axial distances downstream. The ordinary method of
characteristics output format is not compatible with this form of input
since the data are usually printed at unevenly spaced points along
characteristic lines. An advantage of the program in reference 1 is
that a routine has been written for it which interpolates in the charac-
teristic's output and writes a tape completely compatible with the input
format of the radiance calculation.

It has already been mentioned that the concentration of each radia-
ting constituent must be specified for the radiance calculation. Since
no accurate theoretical methods yet exist for calculating the carbon
concentration, empirical data must be used. An input card in the radi-
ance calculation itself allows the inclusion of a comstant carbon
concentration.




III. RADIANCE EQUATIONS

As stated in the introduction, this report is not intended to be
a rigorous derivation of the radiance equations. Rather, it is intended
to appeal to the reader's physical intuition and to act as an introduc-
tion to the basic equations used in the radiance program. The method

uses the band model representation and absorption coefficients described
in references 2 through 4.

The quantity
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is the radiant intensity emitted by an element of length "dS." If this

energy passes through an intervening layer of gas of thickness "S," it
is decreased by the transmittance o
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If the radiation is collected from elements located along a line of
sight, then the radiant intensity received by a plane normal to the
line of sight would be
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where Sp is the total length of the line of sight,

The spectral flux received by an area not normal to the surface
from a number of lines of sight occupying a solid angle of w is
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where ¢ is the variable angle formed by each line of sight and the
normal to the plane receiving the radiation., Equations (1) to (4) are
all written for a single wave number v equal to 1/)\. Integrating over
various wave numbers gives

S
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f f f ou, I, €° cos 6 dS dw dv, (5)
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and the introduction of
dw = sin ¢ dg de (6)
to allow integration over the spherical angles @ and ¢ instead of the

solid angle dw yields
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This equation may be rewritten in finite sum form as

% - E: }: [_2: }: - Ibv(Trs - }s-cs) o8 Aw] sin 6 cos 6 A8 AZ. (8)

g e v Sm

The transmittance 7(v,S) is an average over the wave number interval Av.

The evaluation of ?(V,S) is based principally on two special spectro-
scopic concepts: (1) the molecular band model, and (2) a modified Curtis-
Godson approximation. The band model, which uses as input data the
averaged line strength, the averaged line spacing, and the averaged line
half-width, is a random band model with®an exponential intensity distri-
bution. The band model yields an expression for the molecular radiation




within each selected spectral region of interest., The band model parame
eters have been determined for wave number intervals ranging from 5 to

25 cm~! depending on the gaseous species considered. The use of a band
model is critically important for practical calculations of gas radiationm.

The Curtis-Godson approximation is a method of predicting the trans-
mittance of inhomogeneous bases by combining the parameters that appear
in the band model formulas in such a way that the parameters need be
determined only for homogeneous gases. Without the Curtis~Godson, or
some equally good approximation, one would have to treat each inhomo-
geneous gas path as a special case.

Combining the band model parameters with the Curtis-Godson approxi-
mation, the transmissivity is

S
T(v,8) = exp (- Z D) R 9
)

where the optical depth, D, taking into account both Doppler and col-
lision broadening is given by
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The incremental optical depth for the just overlapping line approxima-
tion is

F= kv P:u S, (11)

For collision-broadened lines,
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and for Doppler-broadened lines, the optical depth is
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Subsequent sections of this report will refer to the above equations
used in the radiance calculation.

IV, DESCRIPTION OF GEOMETRY

To numerically evaluate the heat flux to a unit area (i.e., per-
form the summations of equation (8)), it is necessary to_geometrically
relate the point area receiving the radiation (hereafter called the
"point of interest" in a "plane of interest") to the flow field and to
other objects which may occlude the incoming radiation. As a preliminary,
it is useful to consider the generalized "picture' that the computer "sees"
after the input data have been read. The machine knows there is a gas
body whose dimensions and properties have been described; it has received
the location and the inclination of the plane of interest; it knows the
limits of the volume of space from which the point is to receive radia-
tion; and it knows the locations and sizes of the various solid occlu-
sions in the surrounding area.

The primary coordinate system is a 3-D Cartesian coordinate system,
The Z-axis is the axis of symmetry of the gas, and the X-Y plane is
located at an arbitrary distance above or below the gas as shown in
figure 1. The point of interest is located spatially by its coordin-
ates, and by the inclination of the plane with respect to the X-Y plane.
To simplify the geometry of the program, the Y-coordinate is taken as
0 so that the point of interest is always in the X-Z plane; the plane
containing the point of interest must be normal to the X-Z plane.

The inclination angle of the plane of interest is O when the
normal is parallel to the Z-axis and pointed in a positive Z direction.
The inclination angle is measured away from this position so that posi-
tive angles represent planes titled such that the normal intersects the
Z-axis above the point of interest as shown in figure 2,




The integration of the radiation is carried out over a spherical
coordinate system located at the point of interest as shown in figure 3.
The azimuthal angle § is measured from the normal which is looking out-
ward from the surface. The longitudinal angle ¢ is measured counter-
clockwise on the plane of interest looking from the § = 0 direction,

It is apparent that letting ¢ vary from 0° to 90° and letting & vary
from 0° to 360° encompasses the entire volume above the plane of
interest., This is sketched in figure 4.

Two examples should suffice to fix these concepts in mind. Con-
sider first a cylinder of gas as shown in figure 5. It is desired to
calculate the radiation incident on the plane of interest, which in this
case is the surface of a truncated cone as shown. The values 6f 9-and ¢
necessary to accomplish this appear in the figure. Notice that it would
be possible to scan the entire space above the gas since the machine
assumes 0 property data where data are not input. However, since this
approach would result in needless expenditure of time, it is rejected
in favor of the more efficient approach.

The second example (figure 6) illustrates an advanced use of the
program incorporating both the occlusion capability and the angular
control feature. In this case, a complex occlusion exists between the
point of interest and the gas body. Because of the occlusion capability,
however, it is not necessary to attempt to control the spatial volume of
integration with the angular control feature.

With the specification of the above geometrical input, the problem
is defined for the computer, which now has a complete picture of the
three~dimensional space in which it is to make the calculation. The
geometry specification is intended to be general enough to allow the
analysis of a wide variety of problems.

V. OCCLUSION CAPABILITY

As stated above, the computer program, in addition to locating
the gas volume and plane of interest, also locates in space those
objects which might occlude some of the incoming radiation (i.e., cast
a shadow over the plane of interest).

Two restrictions are placed on the type of obstructions that may
be considered: first, they must be axisymmetric, and second, they must
have their axes parallel to the Z-axis. Each occlusion is described by
a series of '""blocking circles' whose centers lie on the axis of the
obstruction and whose radii are the radii of the obstruction at that
height on the obstruction axis. Further, each blocking circle is given
an identification as either a "disk"™ or a "hole." The difference is



that a line of sight from the point of interest that strikes a disk is
considered to be occluded while a line which strikes a hole is not. 1In
addition, lines that are not within a hole are considered to be occluded.
As an example, consider the obstruction sketched in figure 7., For the
line of sight from point "A," four blocking circles adequately describe
the obstruction. Notice, however, that if the point of interest is at
"B," additional circles are necessary. This illustrates that some care
must be taken in using this blockage capability.

As a further example, consider the obstruction in figure 8. This
type of obstruction cannot be analyzed in a single radiation calculation
because of the assumption that any hole is located in an infinite plane.
The desired calculation, however, may be achieved by adding the results
of two runs, The first run uses only the disks to calculate the radia-
tion not blocked by the solid obstruction which has no hole. The second
run uses only the holes to calculate the radiation coming through the
hole,

The following is a step-by~-step discussion of the computer procedure
in analyzing the configuration shown in figure 9, This configuration is
a typical missile base region with an aft skirt.

In general, when a line of sight is selected, it has a certain
specified maximum length; i.e.,, it is terminated on a sphere centered
at the point of interest, It is then tested by the following procedure:

1. Using the direction cosines of the line, the Z-coordinate
of the first blocking circle, and the Z-coordinate of the point of inter-
est, calculate the distance D1 for the first circle,

2, Check the flag for the first blocking circle. 1In this case,
the flag designates the first circle as a disk since this circle is used
to describe the nozzle.

3. Now examine Line 1-2-3, Point 3 is the point of intersec-
tion of the line and the plane of the blocking circle. Dl is the radial
distance from Point 3 to the Z-axis (in this case to the point Z = 0).
Now test to see if Point 3 is within the blocking circle of radius r,;
i.e., is Dl greater than, equal to, or less than r,? For this case
Dl > r; which indicates that the line is not blocked by this disk.

4. Repeat the same process for each of the blocking circles,
ro through rg, with a new flag being read and a new value of Dl being
calculated each time. Each of these tests shows non~occlusion, as is
easily seen in the illustration, figure 6.




The flag for circle 7 indicates a hole since this circle
describes the vehicle skirt, Point 2 is the intersection of the line
of sight with the plane of this circle., For this circle, Dl is the
radial distance from Point 2 to the Z-axis,

5. Again test: 1Is Dl greater than, equal to, or less than r,?
Since D1 > r, this means that Point 2 lies outside the radius of the
skirt, which in turn means the line of sight has penetrated the skirt and
is therefore occluded. For this line the integration will be terminated
at Point 2; i.e., DMIN is the distance from Point 1 to Point 2.

6. Refer now to Line 4-5-6-7. The flag for the first blocking
circle again specifies a disk. Point 7 is the point of intersection of
the line of sight and the plane of this circle. For this case, Dl is
the distance from Point 7 to the point Z = 0. Since the blocking circle
is a disk and Dl < r;, this indicates that the line is occluded. This
may not, however, be the point of occlusion closest to the point of
interest; therefore, the next blocking circle r, must be tested in a
similar manner with D1 the distance from Point 6 to the Z-axis. Using
the same tests and also referring to figure 6, it is easily seen that
this circle has also occluded the line.

7. Repeat the same process for Point 5., Since Point 5 is seen
to lie outside the blocking circle rs, the line must have been occluded
between Point 5 and Point 6. To be assured of including all regions
which could contribute to the radiative flux, this line is terminated
at Point 6, although a small segment is ingside the- nozzle and unable to
contribute to the flux. To be sure that the line is not occluded again
at a point nearer the point of interest, the remaining blocking circles,
r4 through r-, are tested and found not to occlude this line. Therefore,
DMIN for this line is the distance from Point 4 to Point 6.

8. Refer to Line 8-9-10. Figure 6 clearly shows this line to
be nonoccluded, but it must be tested for occlusion just as the other
lines were. Point 9 is the point of intersection of this line with the
plane of the first blocking circle. When tested, it is found to be out-
side the disk of radius r,. The remaining points of intersection with
the circles are tested. Since the line is not occluded by a blocking
circle, it is assumed to terminate on the sphere of radius DMAX, i.e.,
at Point 10.

This concludes the series of tests for the occlusion capability.



VI, PROGRAM DESCRIPTION

The computer program performs the evaluation of equation (8). 1In
figure 10, a listing of the program is presented and a flow chart is
shown in figure 11. The following is a step-by-step listing of the pro-
cedure followed in the program when reading the flow field from tape.
Note the complex use of running sums in the evaluation.

1. Read in a computer flag to indicate if the flow field is
to be entered on tape or cards., From the same input card, read the
number which specifies the flow field to be used and a number which is
twice the number of constituents.

2. Transfer to the subroutine for reading the flow field and
select either tape or card input. Since the tape reading is more com-
plex, it will be described in detail.

3. Search the flow field #o select the case number which
matches that read in previously. Read the number of constituents,
constituent names, and molecular weights listed on the tape.

4, Read in a series of scale factors which may be used to
cause the input or output data to be in desirable units and to conduct
parametric studies of uncertainties in the input properties.

5. Read in the names of the radiating constituents desired
from the third input card. Note that each constituent name consists
of two six-character alpha-numeric words.

6. Search the case to find the first constituent requested
(on subsequent passes the second and third constituents) in step 5.
Read from this portion of the flow field and store in memory the values
for plume radius, temperature, total pressure, and mole fraction for
the desired constituent at each Z-position.

7. 1f more than one constituent is requested, rewind the tape,
loop back to Step 3, and continue until all desired constituents have
been read. At Step 6 search for the next constituent listed in the
input, After the flow field is read, the computation returns to the
main program,

8. Scale the flow field as required and output the scaled
flow field data,

10




9. Read, scale, and output the absorption coefficients. In
storage, the absorption coefficients at a number of temperatures (NKT)
are listed with the corresponding wave number and an index number.

The storage takes the following form:

@) ENUK(J) T(1) T(2) T3) . . . . . T(NKT)

1 (First coefficient for H-0)
2

NKNU (Last coefficient for H-0)
NNNU (First coefficient for CO,)
KKNU (Last coefficient for CO2)
KKKU (First coefficient for CO)
KNNU (Last coefficient for CO)

The first card in the absorption coefficient input specifies the number
of temperatures (NKT), the number of wave numbers at which H0 coeffic-
ients are given (NKNU), the total number of wave numbers for H0 and CO-
(KKNU), and the total number of wave numbers for Hz0, CO-,, and CO (KNNU).
The second card lists the temperatures at which absorption coefficients
are provided. Each of the remaining cards provides a wave number and
the coefficients at each temperature for that wave number. The absorp=-
tion coefficients are loaded sequentially for H 0, CO5, and CO.

10. Read, scale, and output the fine structure parameters
(1/d) for CO-.

11. Identify the lower and upper values of wave number for
.each of the gases.

11



12, Read and output the table describing the blocking circles,
i.e., the coordinates X, Y, and Z of the center of each circle, the
radius of the circle, and the flag specifying the type of blocking
circle.

13. Read in the data to specify the point of interest, inte-
gral limits, and other variables whose values depend on the case under
consideration.

14, Set the initial and final values of ¢ and g,
15, Convert the units of the angles from degrees to radians.

16. Calculate the direction cosines of the line of sight
which is specified by 6 and . Using these direction cosines, calculate
DMIN, the distance along the line of sight from the point of interest
(XP, ZP) to the point at which the integration over S is to be terminated.
This involves the occlusion tests which were discussed previously.

17, 1Initialize the summations.

18. Calculate values for DX, DY, and DZ and set the initial
values for X, Y, and Z.

19, Increment X, Y, and Z by the amounts DX, DY, and DZ,
respectively, This gives the coordinates (X, Y, Z) for the midpoint
of the succeeding segment, DS, of the line of sight.

20, Test the Z-coordinate of this point to determine that it
is within the Z-range of the flow field. 1If the value of Z at this point
is less than the value of Z in the first plane of the flow field, this
indicates that the line of sight has not yet intersected the exhaust
plume region. The program considers no radiation contribution from any
region other than that specified by the flow field; therefore, the pro-
gram re-cycles through Step 19, incrementing the line of sight, until the
value of Z on the line of sight indicates that the line has entered the
Z-range of the flow field.

21, Calculate the radius of the point (X, Y, Z) from the Z-axis:
RW = (X% + ¥2)1/2,

22, Using the coordinates of the point, select from the flow

field the values of the radius, temperature, total pressure, and mole
fractions for the points surrounding the point under consideration.

12




23, Although the line of sight is now in the Z-range of the
flow field, the line has not necessarily intersected the plume. Now
determine if this point is within the plume by testing RW against the
value for the plume radius at this point, as specified by the flow
field. If this test shows the point not within the plume, the program
again assumes no radiation from this segment and re-cycles to Step 19.

24, If the point is found to be within the plume, the program
interpolates using the previously selected bounding values to determine
the temperature (IW), total pressure (PW), and mole fractions (FW(II)).

25. Determine if a temperature step is desired. (TINPUT > 0).
If it is not go to Step 31,

. 26. Determine if the DS step is the first step in a temperature
incwement. 1If it is the first step on a line of sight (TINDEX = -4), the
program skips to Step 31. If it is the first step in a temperature incre-
ment (TINDEX = 0), the program goes to Step 27. If it is an interior step
in a temperature increment (TINDEX = 1), the program goes to Step 29,

27. Check to see if the desired temperature change is exceeded
on the first DS in the increment. 1If it is exceeded, the program skips
to Step 31,

28, 1Initialize property sums which will be used to determine
average properties for the temperature increment and go to Step 46 to
increment to the next point on the line of sight,

29, Check to determine if the desired temperature step has
been reached, or if the temperature slope has changed. If either of
these has occurred, go to Step 31, Otherwise, continue property sums
and go to Step 46,

30. 1If the temperature step exceeds the desired value (TINPUT)
by more than 10 percent, the line of sight data are backed up one DS
increment,

31. Compute average property values for the increment.

32, Compare the constituent identification associated with
each partial pressure with an internal list ot identify the various
partial pressures,

33. Enter a loop controlling the value of v (wave number).

34, 1Initialize DMO, which will be the multiplied transmissions
of all the constituents,

13




35. Enter a loop controlling the number of the constituent.

36, Interpolate for the constituent being considered the
absorption coefficients and calculate y., »p, and 1l/d.

37. Calculate Planck's function and the incremental absorption
F (equation (11)).

38. Accumulate sums of (3¢/d)F, (7p/d)F, and F.

39. Evaluate D, and Dy which are also sums over length (equa-
tions (12) and (13)).

40, Finally calculate DMO (equation (10)). Notice that
exp (~DMO) is the transmittance over the line of sight to this point at
this wave length for this one species,

41, 1If more than one constituent is to be considered, loop
back to Step 34 and continue. The value of DMO calculated at the end
of this new loop is added to the value calculated for the constituent
before. When all the constituents have been considered, DMO is the total
DMO, and exp(-DMO) is the transmittance over the line of sight to this
point at this wave length but considering all species.

42, When all species have been considered, exit the species
loop and calculate the total transmittance up to this point at this
wave number,

43, Now calculate the difference in transmission between this
segment and the previous segment. This is done by storing the previous
transmittance at this wave length in an array GOLD(L) where L is con-
trolled by the wave number loop and storing the new transmittance in
GNEW(L).

44, Using these values for GOLD(L) and GNEW(L), set up the
running sum for the bracketed portion of equation (8):

SPKIDS (L) = SPKIDS(L) - Ib(v) - (GNEW(L) - GOLD(L)).
In the first segment of each line of sight, the initial value of the
term SPKIDS(L) on the right is zero and GOLD(L) = 1.
45, 1Increment v, loop back to Step 34, and continue. Notice
that the temperature TW has not changed since the same segment of the

line of sight is under consideration. This loop is controlling the wave
length being considered.
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46. After all wave lengths called for in the input have been
considered, exit and increment S; the line of sight length, and loop
back to Step 19. Notice that no subscript is kept for the S loop (as
L was kept in the v loop). The reason for this is that running sums
are kept on S by simply adding values calculated at the previous S to
the new values within the wave length loop. 1In this way storage is
conserved., As an example, at any S location SPKIDS(L) contains the
accumulated SPKIDS(L) over the entire line of sight up to 8.

47, when the end of the line of sight is reached, the com-
puter has stored sums for the integrand SPKIDS(L). Each of these sums
is the total contribution from all segments of the line of sight due
to a single wave number. These values, when multiplied by
sin 8 « cos 8 AF A5 Av, are stored in SLIP(L) and accumulated so that
the distribution of flux versus wave number may be output at the end
of the problem.

48, The total contribution from the line over all wave numbers
is found by adding sums of Step 47. A running sum is maintained for
this:

SUM1 = SUMl + SPKIDS(L).

This gives the total contribution from a single line of sight. Since
the line is a function of ¢ and @, this sum may be represented by
SUM1(0y, J1). This is repeated for each of the values of @ at this
same value for 9§ by incrementing @ and returning to Step 16 until the
final value of @ is reached.

49, A sum is now taken over all lines at constant g with the
values of ¢ represented by SUM2(9,) such that

SUM2(61) = SUMI(B;_,JZIJ_) + Sml(el,ga) + ... .

50. The factors involving 9 are now included in the integrand
by SUM2(8) - sin 6 - cos 6, and a running sum is prepared to accommodate
all values of g. This sum, which is output at each value of @, is

SUM3 = SUM3 + SUM2(8) - sin g8 + cos 8.
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51, 1Increment 6§, reset ¢ at its initial value, and follow the
procedure beginning at Step 16, This is repeated until the final value
of 06 is reached.

52, When all values of ¢ have been used, the sum in Step 50
will be

SUM3 = SUM2(6,) -« sin 61 - cos @§; + SUM2(62) + sin 65 * cos 65 + ... .

This sum now represents the flux from all lines of sight, evaluated at
all wave numbers.

53, To complete the integration, the differentials are now
included, yielding

FLUX = SUM3 - A8 . A + Av.

54. OQutput FLUX.

55. 1f the spectral distribution has been selected, compute
the wave length and spectral flux per unit wave length, and output the
spectral data.

56. Return to Step 13 to read data for the next case. Cases
may be stacked at the end of the program using the 6 specification as
the initial input card if it is not necessary to change the flow field,
absorption coefficients, or blocking circles.

VII, FINE STRUCTURE EQUATIONS

The fine structure equations used to describe the collision- and
Doppler-broadened line half-widths (y¢ and yp) and the line density (1/d)
will be described in this section. These equations were taken from
Model 3a of reference 3 with the exception of 1/d for water vapor which
was taken from reference 6. The dimensions for the equations given are
centimeters for 7, and yp and 1/cm for 1/4.

A. Broadening Half-Widths

The equation for the collision-broadened half-width of species
(i) with broadening gases (j) is
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, 32 - ioL.16 13 4sL.76 13
ci 7ijstp Fj 7it)stp Bi

]

Here P is the partial pressure in atmospheres and T is the gas tempera-

ture in °R. The parameters (71 )STP’ (711)STP’ Nije and n are listed
in Table I. Since the computer program was intended for exéa

which are normally fuel rich and contain no

broadening terms were not included. These terms will be included, how-

ever, in future improvements of the program.

The equation for the Doppler-broadened
molecular weight m is

nitrogen, the 05 and N,

half-width of a species of

1/2

- (5.94 x 10°6) ~¥ <T
D ( )ml/2 4

where the temperature is in °R,

B. Line Density

91.76>

ust plumes

‘The method of computing the line density varies for each of the
three radiating gases considered. TFor water vapor the relation is

1/d = a*/y*,

where a* and 7* represent empirical values which are defined in refer-
ence 6. The measured values of a* were approximated by the expression

logio a* = B(v) + C(v) T2,

where B(v) and C(v) have the values

B(v) C(v)
(1/°R)2
-1.5 .75926 x 10°7
-1.366 .50926 x 10=7
-1,62 .55556 x 10~7
-1.77 .52160 x 10~7
-1.96 .487654 x 10”7

v
(em™1)
v s 1600
1600 < v s 2500
2500 < v = 4400
4400 < vy = 5900
v > 5900
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The experimental values of 9* are evaluated from

/2 1/2
= \:0.44 <“9—,§l> +0.09 <f*%l> ] c* + 0,044 <53;—7> @ - %)

using a polynomial approximation for the experimental variation in the
water vapor mole fraction, c*, as a function of temperature.

c* = -0,1002 + 0,15567 x 1073 T - 0.3367 x 10”7 T2 + 0.49897 x 10~11 T3,

For carbon dioxide the values of 1/d are tabulated as a func-
tion of wave number and temperature and are listed in the sample cal-
culation, figure 15,

For carbon monoxide the relation is similar to that for water

vapor. It is

-2810,7/Ty1.75
1oop9te )

o

(1 - e-2810.7/T)
where the temperature is in °R.
VIII. OPTIONS AND SPECTIAL CAPABILITIES
The computer program has several options and special capabilities

which will now be described.

A. Window Option

To make a comparison between an experimental radiative flux
measurement and a theoretical flux calculation, the calculation must
be made under a set of conditions identical to those used in the meas-
urement. To allow experimental measurements of the radiative heat flux
to be made, some type of measuring device, e.g., a radiometer, spectrom-
eter, or calorimeter, is installed with its detector coincident with the
point of interest. Each of these instruments contains a '"window" through
which the radiation must pass before it reaches the detection device.
This window, which is in front of the point of interest, will thus limit
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the field of view of the instrument. That is, some of the lines of
sight which theoretically would strike the point of interest (the
detector) would be stopped due to the boundary of the window. There-~
fore, to simulate the experimental conditions, each line of sight used
in the theoretical calculation must be tested to insure that it reaches
the detector and is not occluded by the plane of the window. This is
illustrated in figure 12.

In order that the computer allow for this window restriction,
a series of tests has been included in the program and hence is referred
to as the "window option." These tests require data concerning the
physical measurements of the window, its shape, and its perpendicular
distance above the plane of the detector.

In some of the cases to be dealt with, there will be no need
for the window option. (If no window is involved, the required data
discussed above is omitted.) For this purpose, the window option tests
are preceded by a computer flag which indicates to the computer whether
the tests are to be used.

B. Test for Minimum Absorption Coefficient

The heat flux from a radiating medium depends on the absorption
coefficient of the medium, If an absorption coefficient is sufficiently
small, the radiative flux from this spectral region may be considered
negligible. Consequently, in calculating the total radiative flux from
an exhaust plume, it is prudent to neglect the insignificant radiation
contributions which emanate from those portions of the spectrum with
sufficiently small absorption coefficients.

For this purpose a minimum absorption coefficient HMIN is intro-
duced. The value of HMIN is read into the computer as input data, and
when a value for the absorption coefficient Ev is selected from the
table, it is tested against HMIN. If k, < HMIN, the value of k, at this
particular wave number is negligible. Since the radiation contributed
by this segment will be insignificant, the program considers this con-
tribution to be zero and thus eliminates the succeeding calculations
with this value of k,. Each value of the absorption coefficients is
tested in a similar manner.

C. Constant Temperature Step Size

The major variable influencing the accuracy of the integration
is the temperature. It was found that, if length increments were taken
in which the temperature changes were small, the result would be very
clogse to the exact calculated answer regardless of the actual physical
length of the step. This fact has been used to decrease the execution
time of the program in the following manner. In Steps 25 through 32 of
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PROGRAM DESCRIPTION the calculated temperature TW for the increment under
consideration is compared with the temperature for the previous increment.
If the temperature difference is not greater than or equal to a certain
input constant, the program moves to the next length increment without
going through the radiation calculation loop. This process is repeated
until the desired temperature step has been reached or until the slope of
the temperature changes. Then the radiation calculation is made using
average properties over a length equal to the sum of the increments that
have been stepped off since the last radiation calculation was made.

D. Carbon Absorption Coefficients

Carbon absorption coefficients are calculated using the poly-
nomial curve fits listed in Table II. The basis for the carbon absorp-
tion coefficients is the data presented in reference 4, but the data in
this reference only cover a range of 1y to 4y for temperatures of 540°R
to 4680°R. These data were extrapolated to a range of 0.5 to 1Op in
reference 5, but the extension to longer and shorter wave lengths is
questionable, particularly at temperatures above 3060°R. However, for
most calculations, the poor approximation outside the lp to 4y range
was considered to be more accurate than neglecting the longer and shorter
wave lengths completely.

Since the radiation is continuum (i.e., there is no band struc-
ture), evaluation of 9., and 7p in Step 36 is meaningless. Thus, those
steps are bypassed, and the transmittance 1 is simply evaluated from
the well known Beer-Lambert law.

The carbon particle concentration is input in the form of a
constant mass fraction (pounds of carbon per pound of gas)., If it is
desired to compute the radiation from only the carbon in an oxygen/
hydrocarbon plume, it is necessary to list all of the radiating gas as
when the gas radiation is desired and put the input flag INPUTF =1,
This is necessary so that the gas density may be computed,

E. Hydrogen

The program assumes that the only specie of gas that exists in
the exhaust plume apart from H.0, COs, CO, and carbon is Hy. This is
an excellent assumption for rocket exhaust plumes (either LOX-kerosene
or LOX-hydrogen) but may have to be modified for other utilizations of
the program. Since hydrogen is a very poor emitter, it only has importance
in the radiance calculated where it contributes a term to y. in Step 36.
In the carbon loop, the fact that hydrogen comprises the rest of the gas
body (other than CO,, CO, and HZ0) is used in computing the carbon density.
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IX, CAPABILITIES AND LIMITATIONS

Since much of the above discussion has dealt with the general
aspects and capabilities of the program, it would be well at this time
to document the specific capabilities and limitations of the program
listed in figure 10,

The program can calculate the radiation incident on a surface from
a defined axisymmetric gas body. The orientation of the surface must be
such that a normal to the surface or its extension through the surface is
coplanar with the axis of symmetry of the gas body. The properties of
the gas are arbitrary except that it is assumed to contain only Hs0, COp,
CO, carbon and Hy, or Hy and any one or combination of H-0, CO,, or CO,.
Note that H, is considered as a broadener but not as an emitter.

The program can consider radiation from any discrete volume or
from a line of sight. Radiation blockage by axisymmetric occlusions
may be considered. The occlusions may be arbitrarily located, but must
be oriented so that their axes of symmetry are parallel to the axis of
the gas body. ’

Gas properties are input either on cards or magnetic tape. Mole
fractions of gases that are on the tape but are not recognized by the
program may be called for, read from the tape, and printed out without
stopping execution of the program. Any number of gas properties may be
input; the program automatically truncates the flow field to a size it
can store and prints out what data have been deleted. The gas properties
are input as tables of temperature, pressure, and mole fractions versus
radius at various axial distances.

X, INPUT DATA FORMAT

On the following pages, a complete description of all the card
input data required to run the program is presented. It is restated
that often (in fact, usually) the properties of the gas body are read
from an input tape. If, however, card input property data are required,
their format is presented on the following pages. For the tape input
format, the reader should consult the program listing in figure 10,

At some time it may be desirable to calculate the radiative heat
flux from the same gas body but under different boundary conditions.
This means that (1) the same gas body, (2) the same absorption coef-
ficients, and (3) the same occlusions will be used. However, either
the point of interest or the integral limits or both may be changed.
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It would be redundant and time-consuming to reload these three
identical sets of data into the computer. The only data necessary to
make another flux calculation are that data concerning the (new) inte-
gral limits and/or the location of the (new) point of interest. There-
fore, the program is re-cycled to the point at which the computer is
ready to receive the data concerning the integral limits and the point
of interest. Inspection of the input description will show that the
last seven cards contain all this information. Therefore, proper revi-
sions in the last seven cards will allow a new flux calculation to be

made for new case data.
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Program Name

KASE

NN

SCAL

SCAL2

SCAL3
SCAL4
SCALS

SCAL6

SCAL7

RAN(D),
I=1, NN

INPUT

Definition
CARD NUMBER 1 (4110)

Flag: O indicates flow field on
cards;
1 indicates flow field on
tape.

Number of flow field to be used.
Twice the number of constituents
called for.

CARD NUMBER 2 (7E10.0)
Conversion factor used to convert
flow field length dimensions as
required. The program requires
dimensions in inches.

Conversion factor used to convert
absorption coefficient dimensions
to (cm.atm)~1,

Pressure conversion to lb/ft2,
Temperature conversion to °R.
Scale mole fractions,

Shape factor. This may be used
with the window option to obtain

the desired radiation units.

Scale 1/d.

CARD NUMBER 3 (8A6 left adjust)

BCD representation of the gas con-
stituents to be considered. Each
congtituent is assumed to require
two A6 formats so a total of

four constituents may be listed.

Units

(cm-atm)~t

1b/£ft2

°R

Card

Column

10

11-20

30

1-10

11-20

27.-30
31-40
41-50

51-60

61-70

1-12,
13-24,
25-36,
37-48
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Program Name

NKT

KNNU

TEMK (I)

ENUK (J)

CZEF(1,J)

24

Definition Units

CARD NUMBER &4 (4I10)

Number of values of T in the -——
table of absorption coefficients,
Maximum is 7.

Number of last card to contain -
the absorption coefficient for

the lst constituent listed in the

data statement at the beginning

of the program,.

Number of last card to contain ——-
the absorption coefficient for
the 2nd constituent,

Number of last card to contain .-
the absorption coefficient for
the 3rd constituent.

NOTE: Total number of absorption

coefficient cards must not
exceed 610,

CARD NUMBER 5 (7E10.0)

Temperature values in the table of °R
absorption coefficients.

CARD NUMBER 6 (8E%.2)

Wave number. em™ 1

Absorption coefficients for the cm~t.atm™2

gas constituents concerned.

Card
Column

10

18-20

28-30

38-40

1-10,
11-20,
etc,.

10-18,
19-27,
28-36,
37-45,
46-54,
55-63,
64-72.




Program Name

FINS(I,J)

NC

X1(I)

YI(I)

ZI1(I)

RI(I)

KIND(I)

Definition

CARD NUMBER 7 (8E9.2)

Fine structure parameters for COp
given at the same wave number
values as CO, absorption coef-
ficients,

NOTE: In the sample data list,
the wave number is listed in
columns 1-9, but this is not read
into the machine. The tempera-
tures and wave numbers at which
the 1/d values are given must be

the same as for the CO, absorption

coefficients. The maximum number
of wave numbers for 1/d is 140,

CARD NUMBER 8 (4I10)

Number of blocking circles used
to describe all occlusion struc-
tures.

NOTE: The maximum value for this
variable is 50,

CARD NUMBER 9 (4E10,0, I5)

X-coordinate of the center of the
ith blocking circle,

Y-coordinate of the center of the
ith blocking circle.

Z-coordinate of the center of the
ith blocking circle,.

Radius of the ith blocking circle.

Occlusion flag: O indicates a
disk;
1 indicates a
hole.

Units

cm” 1

Inches

Inches

Inches

Inches

NOTE: Loop back point for a new case.

Card
Column

10-18,
19-27,
28-36,
37-45,
46-54,
55-63,
64-72.,

9-10

_1-10

11-20

21-30

31-40

45
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Program Name

THETAI
THETAF

DTHETA

PHII
PHIF

DPHI

IENUI
IENUF

IDENU

DSI

DMAX

MEGA

HMIN

NWIN

26

Definition Units
CARD NUMBER 10 (7E10.0)
Lower limit for 6 integral. Degrees
Upper limit for 6 integral. Legrees
Increment size for & integral. Degrees
CARD NUMBER 11 (7E10.0)
Lower limit for ¢ integral. Degrees
Upper limit for g integral. Degrees
Increment size for ¢ jntegral. Degrees
CARD NUMBER 12 (316)
Lower limit for v integral. cm™1
Upper limit for v integral. cm™*
Increment size for v integral. cm™ 3

CARD NUMBER 13 (4E10.0, 3I5)

Increment size for S integral. Inches
Upper limit for S integral Inches
(lower limit is always 0).

Angle of orientation of the plane Degrees
of interest.

Minimum test value for all cm*t.atm™?
absorption coefficients.

Flag: O indicates window option -——-

is omitted;
1 indicates window option
is used,.

Card
Column

1-10
11-20

21-30

1-10
11-20

21-30

1-6
7-12

13-18

1-10

11-20

21-30

31-40

45




Program Name

NSPEK

zp

TINPUT

DIS

WID

Definition

Units

CARD NUMBER 13 (4E10.0, 31I5) (Cont'd)

Flag: O signals normal output
format;
1 signals output as flux
distribution versus wave
number.

1 if carbon is to be considered
alone; otherwise blank,

CARD NUMBER 14 (7£10.0)
X-coordinate of the point of
interest. (Y-coordinate is
always considered to be 0,)
2-coordinate of the point of
interest,

CARD NUMBER 15 (E10.0)
Congtant temperature step size.
Use 0.0 if flux calculation is
desired at each AS.

CARD NUMBER 16 (E10.0)
Carbon mass fraction (1b. of

carbon per 1lb of gas).

CARD NUMBER 17 (7E10.0)
(Used only if NWIN = 1)

If window optibn is selected, this
card is read. DIS is the distance
from the point of interest to the

window.
Height of window.

Width of window,

Inches

Inches

°R

Inches

Inches

Inches

Card
Column

50

55

1-10

11-20

1-10

1-10

1-10

11-20

12-30

27



If card input for the gas properties is selected, Card Number 3
above is removed and the flow field input is placed between Cards 2
and 4, The flow field format is as follows:

Program Name

KAN(1), I=1,
NON

BETA

2z

N@PS

28

Definition

CARD NUMBER 1 (8A6 left adjust)

BCD representation of the gas con-
stituents to be considered. This
is the same as Card Number 3
except for an added restriction
that the constituents must appear
in the same order that their mole
fractions appear on the property
cards. .

CARD NUMBER 2 (12A6)

72 characters of alpha-numeric
identification,

CARD NUMBER 3 (4A6)

24 characters of alpha-numeric
identification for the flow
field.

CARD NUMBER &4 (E10.0, I10)

Coordinate of Z-cut,

Number of points on this Z-cut.

CARD NUMBER 5 (7E10.0)

Distance of point from Z-axis.
(First point must be R = 0,)

Temperature at that point,

Pressure at that point

Units

Inches

Inches

°R

1b/ft2

Card

Column

1-12,

13-24,
25-36,
37-48,

1-72

1-10

19-20

1-10

11-20

21-30




Card
Program Name Definition Units Column

CARD NUMBER 5 (7E10.0) (Cont'd)

F Mole fractions of the three radia- ——— 31-40,
ting gases in the same order as 41-50,
on Card Number 1. 51-60.

NOTE: This card format is repeated NOPS times until the properties at
all the points on that Z-cut have been specified,
CARD NUMBER 6 (E10.0, I10)
2z Coordinate of the second Z-cut. Inches 1-10

NZPS Number of points at this Z-cut. -——- 20

CARD NUMBER 7 (7EL0.0)

Give radial data at the second Z-cut
in the same format as Cards Number 5
above,

Continue loading radial data at Z-cuts with each set of radial
data preceded by a ZZ, NOPS card. When all required data have been
loaded, end the flow field reading by a ZZ, NOPS card with NOPS = 0.
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XI. SAMPLE CASE

The following sample case illustrates the use of the program just
described. 1In order to demonstrate the “»wll capabilities of the pro-
gram, the case chosen is an "invented" one hich does not have a real
life counterpart. A rocket engine exhaust plume was chosen as the
radiating gas body. The S-IVB stage with one scaled-down F-1 engine
is the vehicle involved. The radiative heat flux is calculated to a
point of interest located on the thrust structure of the vehicle as
shown in figure 13. The constituents used are water vapor, carbon
dioxide, carbon monoxide, and carbon particles,

For brevity, large angular step sizes are used in the sample case
so that only 15 lines of sight are examined. Each of the lines is
described by using one value of 9§ and one value of J; 5 values of §
and 3 values of @ are used in this sample case,

The engine nozzle is described by 14 blocking circles which are
designated as disks; the vehicle skirt is described by one blocking
circle (r;s) which is a hole, This gives a total of 15 blocking circles
to be used in the tests for occlusion. Figure 13 illustrates the nozzle
and skirt blocking circles for this sample case.

The table of absorption coefficients as a function of wave number
and temperature contains 606 entries. Of these, the first 439 are for
H0 (the first constituent mentioned in the IDENTC data list at the
start of the program), the next 132 entries are for COo (the last CO_
entry is number 571), and the last 35 are CO making the last CO card
number 606 which is the last card in the table. (Notice that the order
of the table is the same as the order of the IDENTC data list.)

The table of fine structure parameters contains data only for CO_
and contains 132 cards. In the current version of the program, CO, is
the only fine structure data tabulated. Thus, no identification is
included with this table.

Following is a complete listing of the input data. Figure 14 gives

a complete listing of the actual input cards as they are read into the
machine,
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Card Number

1

6
(606 Cards)

7
(132 Cards)

SAMPLE CASE INPUT

Program Name

SCAL

SCAL2 - SCAL7

KoN(T)

NKT

NKNN
KKNU
KNNU

TEMK (1)
TEMK (2)
TEMK (3)
TEMK (4)
TEMK (5)
TEMK (6)
TEMK (7)

ENUK(J),
J =1,2,3, - 606

CZEF(I,J),
I=1,2, ..., 7;
J=1,2, ..., 606

DUM

FINS(I,J),
I=1,2, ..., 7;
J=1,2, ..., 132,

Description

1; flow field on tape,
7103; flow field number.
8

0.5435714; flow field length dimen-
sions are scaled down for the sample.

Blank; no other scale factors are
required.

C102(G), C1l01(G), H201(G), CARBON

7

439
571
606

540°R

1080°R
1800°R
2700°R
3600°R
4500°R
5400°R

Values of y; ENUK(1l) = 50, ...,
ENUK(439) = 11000, ...,

ENUK(571) = 3775, ...,

ENUK(606) = 2350. All the values
are listed in figure 14,

Values for EV; CZEF(1,1) through
CZEF(7,606). These values are
listed in figure 14,

These are the same as ENUK(440) to
ENUK(571) which are read while
reading the absorption coefficient
table. They will not be read in as
data, but they are listed in fig-
ure 14,

Values of fine structure parameters
for CO,; FINS(1,1) through FINS(7,
132). These values are not given
here, but they may be found in the
input list, figure 14.
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Card Number

8

9
(15 cards)

10

11

12

13

14

15
16

17

32

Program Name
NC

XI(I)

YI(I)

ZI(I)

RI(I)

KIND(I),
I1=1,2, ..., 15

THETAL
THETAF
DTHETA

PHII
PHIF
DPHI

IENUI
IDNUF
IDENU

DSI
DMAX
MEGA
HMIN

NWIN
NSPEK
INPUTF

Xp
ZP

TINPUT

W

Description
15; number of blocking circles

Table of blocking circle specifi-
cations (omitted here for brevity);
they may be found in figure 14,

40°; lower limit
90°; upper limit
10°; increment

0°; lower limit
45°; upper limit
15°; increment.

50 cm™l; lower limit
7500 em™%; upper limit
25 cm~1; increment.

12 in.; increment

800 in.; upper limit

31°; inclination of plane of interest

0.0001 cm=* atm=%; absorption coef-
ficient minimum test value

0; window option omitted

1; output of flux versus wave number

Blank

117 in,
«260 in,

100°R; constant temperature step size
0.05; carbon mass fraction

Omitted since window option was
omitted.




XII, OUTPUT DATA FORMAT

The output data format prescribed by the program is sufficiently
labeled and includes units for convenience. Since the format is self-
explanatory, no detailed discussion will be given here; an examination
of the sample output in figure 15 will indicate the ease with which the
output format may be followed, However, for convenience the following
list gives the order of the output:

1. Title page: includes flow field run number, date, flow
field identification (BETA), the gas constituents considered, and
case identification (HDG).

2, Flow field properties: Z-coordinate, radius, temperature,
pressure, and mole fractions. Notice that the order in which the mole
fractions are output follows the order of the constituent list shown
above.

3. Absorption coefficient table: absorption coefficient as a
function of wave number and temperature appropriately labeled as to
constituent,

4. Fine structure parameter table for COj.

5. 'Blocking circle specification table: X-, Y-, and Z-
coordinates of the center, radius, and type of blocking circle (flag).

6. Results: reiteration of information given on title page,
coordinates of point of interest, inclination of the plane of interest,
value of HMIN, value of carbon mass function, temperature step size,
limits of integration and increment size, and scale factors.

7. Results: table of accumulated flux versus inclination
angle 9, total flux, and time of calculation,

8. Results: if NSPEK = 1, a table of intensity versus wave

length and flux versus wave number is output, The flux listed in this
table is the flux per wave number increment.

NOTE: Results 6, 7, and 8 are repeated for each set of case data input
to the program.
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TABLE I

Model Values for the Collision Line Width Parameters

Molc?cule Broac}ener (7ij)STP nij (7’;i)STP n”{i
€Y &)
H-0 H0 (0.09) 0.5 0.44 1.0
No 0.09 0.5 0
0 0.04 0.5 0
Ho (0.05) 0.5 0
o, 0.12 0.5 0
Co» (0.10) 0.5 0
CO2 CO5 0.09 0.5 0
H=0 (0.07) 0.5 0
No 0.07 0.5 0
0s 0.06 0.5 0
Ho 0.08 0.5 0
co,, (0.06) 0.5 0
co co 0.05 0.5 0
Hz0 (0.05) 0.5 0
CO> (0.05) 0.5 0
Ho 0.05 0.5 0
Nz 0.05 0.5 0
02 0.04 0.5 0
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Temperature
X R
300 540
600 1080

1200 2160

1700 3060
2000 3600
2300 4140

2600 4680

kv

TABLE II

Carbon Absorption Coefficient Curves

-.13463853
-.19909966
-.31886445
-.38870225
-.60273281
-.89695742

-.41368281

x 10t

.38710213
.42759743
. 48804827
.53648682
.86118469
1.3577194

1.8460052

= A + By + Cy2 + Dv® + Ev?

c

x 1072

-.47055911
-.50848071
-.52853813
-.50955662
-1.0340689
-1.8257443

-2.9400371

k, = Absorption coefficient, cm?®/gm

v = Wave number, 1l/cm.

D E
x 10”7 x 10712

.35084341  -,79087507
.37144485  -,83813311
.36589761  -,80385920
.33136839  -.69866129
.64889548 -1,3474213

1.1016709  -2.2102493

1.9221795  -4,1482373
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FIG. 1. COORDINATE SYSTEM
FOR THE PROBLEM GEOMETRY
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Plane of [nterest

X-Z Plane Point of Interest

®

+Y +X
+Z
# ° Projection of Normal
45 to Plane of interest
Point of Interest @ * -45%or +315°
Not = +225°
Plane of Interest
+Y o~ -4 X
4

+‘Z Projection of Normal to Plane of Interest
N 45° w s +45° or -315°
Plane of Interest
Point of Interest @
+Y — - +X

FIG. 2. ORIENTATION
OF THE POINT OF INTEREST
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Line of Sigm

Point of
interest

+Z
'} A Plane of
interest
Line of Sight oy
X-Z
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$ ®» 315° or -45°
e » 20°

tiyste Thaot if We Fix @ ond Vary ¢, the Line of Sight
Traces a Cone Whose Apex Is the Point of Iaterest and
Whose Malf Angle Is 8. If We Fix ¢ and Vary 8, We

Generate o Plane.

FIG. 4 EXAMPLE
SHOWING SPHERICAL ANGLES 8 AND ¢
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Body

+Y

+Z
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interest

Point of
interest

INPUT DATA
Angles
@ 0-45° Scans cone with
¢ 0-360° 45° holf angle
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| X Y y4 Radius Type
) a o |b ry Circie
a o |b-As |ry+ Ar Circle
a o [b-2As|ry + 2Ar Circle
% a o |(b-3As|r, +3Ar| Circle
® a o |e¢ ra Circle
FIG. 6. APPLICATION OF OCCLUSI
. AND ANGULAR CONTROL FEATURE

gN CAPABILITY

o 4+ X
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FIG. 7. USE OF BLOCKING CIRCLES
TO DESCRIBE OBSTRUCTION
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$428 3S/P=GwIN  BIN 34 ,353883,01,12,14JCEP

$PAUSE MBUNT TAPE

SEXECUTE 18498
_318433 BIN 34 MAP

SIBFTC HUF4 DECK
353883  PLUME RADIANCE PRUGRAM
RESTRICTIJNS=

Le THE VALUES OF NU=-8AR FOR WHICH ABSORPTION CIEFFICIENTS AR
_GIVEN AKE INTEGRAL VALUES WITH CONSTANT SPACING.

[aXaNaNaNal

TTTTTT 7T 2. DELTA WU=~8AR (SPECIFIED IN INPUT CARD) MUST BE A MULTIPLE

JF THE SPACING IN THE TABLE 3F ABSGRPTI@N CJEFFICIENTS.
3, THE UPPZR AND LJWER LIMITS OF NU-BAR FOR THE INTEGRATION

ARE IDENTICAL WITH Tw@ VALUES FROM THE AB@VE MENTIANED
TABLE. I —

knnnnn

DIMENSTAN TEMK(7), ENUK(610)y CREF(T,6100

DIMENSION ZZ(16)s NRIL15)s RE15,75)s TUL5475)s PLLS,75), F(L5+7504:
DIMENSIIN FINS(7,140) T )
DIMENSISN XI(52), YI(S50), 21150}, RI{50}, KIND{50)

DIMENSION HDGIl2),y NUMCZIN(4),y BETA(4), KONAME(20,2)s CONWT{(20) ~
DIMENSIZN -F31(440), F22(140), FI3(40), ACIL{440), ACI2(140), ACZ3.

1400, ADYL(%40), AD2Z(140), ADI3(40), GALDT(440), GNew(4ad), SPKITS!
2440), Fo4{440), uWia)
DIMENSIAON K@N(B)y XKiN(2)y FLLI4)y FL2(4), F2LU4), F2204), Ful4) ~
DIMENSIAN SLIP(440), 1QLI15,75), IQ4(16), IDENTC(8)
DIMENSISN T2M(T7), A{7,5), TACILIO), FASUM{4}, BI{S), CI{S)

T T EGOIVALENEE (Rwwy 162V, T T63)y (RIT, DV [QITTL IV ), TZZTDY, TG4 IT]

C2MMBN /FLOFLP/ KA,SCAL ¢SCAL2,SCAL3»SCAL4ySCALS,SCALE,SCALT,KBNH

DATA HP1/1.57079633/

" DATA NRMAX, NIMAX,NCMAX ¢ NNMAX NTMAX/ T3¢ 154504630907

DATA (IDENTC(T),121,8)/76HH20LIGe6H)  ,6HCLA21Go6H)
1G,6H) s 6HCARBINy 6H / o T -
DATA (TEM(L),121,7)1/5404,1080¢+2160¢930604936004541404,4680.7/,1(A
ol )ol=1s5) L2l e7)/-013463853E4,.38710213E1,-.47055911E~3,.350843
213=T1=e79087507E=12,~0 19909966 E4 40 42759T43EL ¢~.50848071E=3,.37144

T T I85ET7,=.83813311c~12,<. 3188644584, .49804827ET,~.5288 78 [3E=-3,.3658
4T61E=7,-,80385920E~12,~-+3887022554+453648682E1,-.50955662E~3,.331
56839E=T+=469866129E=12,-.60273281E49 .86118469E01,-,10340689E~2,.6
6889548C=T,=o134746213E~11,=.89695742E4y,13577194E2,-.18257443E~-2,.
TLOL6T09E=61-e22102493E-11,-e4136828154,,18460052E2,~+29400671E~2,
B19221795E~64=.41482373E~11/

T T DATA (BT s TT L 5T 7" 1e 59~ 1e 366 41=1482 114 TTe=1.967, (CITIT, [=1,577%
15926E=74.50926E=74.55556€~7++521605E=T4.487654E=7/
DATA C14C2,C3,C&/=010029015567E=3¢9~¢3367E-T,.49897E-11/

_reHelaL

1zRJ=0.
c 1Ry FLUW FIELD SLECK _

D3 10 Jsl,NRMAX
DI L0 I=1,NZMAX
P(I,J)=0.0
T(I,J) 20,0
RUI,4) 20,0
DJ 10 K=l,%
F{lsdeK)=0J0
10 CINTINUE

CALL SCLJICK (DATZ,0UM,DUM,DUM}

FI6. 10. PROGRAM LISTING
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TREAD (5514301 KA,KASE,NEZN
NONN=NBN/2
N@iNN=NBuN=-1

TTTALL FLBWTC
IF (SCALLEQ.D.Y SCAL=l.
IF (SCAL2.5Q.0.) SCAL2=1l. _

IF (SCAL3,2Q.0.) SCAL3=1l.
IF _(SCAL4.5Q.0,) SCAL4=1.

c

TF (SCALS.EQ.0.) SCAL5=1.
IF (SCAL6.4EQ.0+) SCALO=1.

IF (SCAL7.2Q.0.) SCALT=1.
SCALE FLOW FIZLU SPACIAL CJURDINATES, IF NECESSARY. _ B

T UTE {SCALeEUele s ANDSSCAL3sCEUele s ANDSCALLEQ T AND.SCALS.EQLT
1 73 40

) 6

C

T 70 CINTEINUC

TG0 TE INNMAX-RNTUY T 100, TI0, 000 T T

D2 30 L=1,:Z -
ZZUL)=SCAL#22{L)
M=URIL)

D 30 NEl,M I
TiLyx) =SCAL4*TIL,N)
___PULyN)=SCAL3eP(L,N)
TTTD2 20 MAC=14.0@NN
FILyNyMAC)=SCALS®F (LN, ALY

20 CaNTINUE

30 RUL,y ) =SCAL#RILIN]

«0 CONTINUVE
pUTPUT FLau FIELD

NOPSENR (1)
J=1

50 N=Je49 = o
IF (NGGT.NIPS) N=NDPS 7 7
WRITE 1641220) 2211)

D3 60 L=J,N ;

WRITE (651530) REIsLIoTLIoL)oPL{LIsL) g {F (4L yKKKK)yKKKKELy NONI)
60 CANTINUE i . T

IF (Ne£EQ.VAPS) G2 TP 70

J=Ei+l o

G2 13 50

143w L3AD TABLE OF ABSOURPTION CUEFFICIENTS FRJIM CARDS.
REAU (591430) IKT ¢ idKilU KKNU 9 KNI
1F (NTMAX=NKT) 80490,90
B0 WRITE (641440} NTMAX
$T2pP

100 WRITz (041430} HNMAX
STar

110 RcAU (5,1470) (TEMKI1)y1=1,0KT)
D3 120 J=l XU .
READ (5414601} équ({);(C&EF(X;Jl'l=loNKTl

TY207TUNTINUE T T
SCALE ABSIRPTIJIN COGFFICIENTS IF NECESSARY.
IF (SCAL2.EQels) GO TR 140
DJ 130 I=1,NKT
D4 130 J=1,KNNU

130 CJEFI1,J)=SCALZeCIEF(T4J)

T140 TeuTlue S T e
NCOTWS = KRNU=HKNY
D3 150 J=l,iilDTwd

FIG. 40.
(continued)
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—....210 LINeS=50

" Ti60 CONTINuUE

180
190
200

220

. 230 LosLael

240
250

270
280

290

TTNNNURHK UL

READ (511460} DUMy(FINSUI,Jds1514T)
CANTINUE

03 160 [=1,NKT

D2 160 J=LsNCETWD A
FINS(IJ)sSCALT#FINS(I,Jd)

QUTPUT TABLE UF ABSHRPTISN COEFFICIENTS
K3=0

K220

Kl=K2+1

K22K1+6

T KLls K2 RIGTHMALLY WRITTEN FOR WHEN NKT GREATER THAN 7

IF (NKT=K2) 180,190,200
K2sNKT
K3=]
LINES=1
La=1

KKKU=KKNU+ 1

03 250 J=1,KHNU

LINES=LINES-1

IF (LINES) 210,210,220

Li=2%L2-1 B T oo T T
WRITE (6+1540) IDENTCILI), (TEMKIM) M=K1,K2)

G2 T8 240

IF (JoEQeloBReJoEQuNINULBRJELKKKY) G TE 230

68 13 240

LINESaS50
LiazeLd-i
WRITE (6915400 TDENTCILI), (TEMK(M) ,MeK1,K2)
WRITE (6415500 ENUK(J) o (CBEF(Mod),M2K],K2)
CANTINUE

IE (K3} 260,170,260

LIN=60

03 280 J=)l ,NCTwd

LINsLIN®L

IF (LINGLE.50) G2 Ty 270

Linso - v

WRITE (641670) IDENTCI3){TEMK (M), M2 ,NKT)
JG=J+NKNU

WRITE (6,1560) SNUK(JG) o {FINS({MeJ) M=l ,NKT)
CONTINUE

FINV LIMITS 2F ABSURPTICN CUcFFICIENT TABLES.
CNIL=CHUK (1) =25,
IAN1IL=CBHLL
CANIU3SENUK INKNU I +25,
18N1UsCaNLY
CINZL=ENUK { NKNU+1)~-25,
I@iel=CaN2L
CBN2USENUK [KKNU)+25,
{aN2U=CaN2V
CON3LSENUK [KKNU+L1) =25,
TaN3L=CaN3L
CINIUSENUK {KINUDI+25.

{1 3N3U=CIN3Y

L4AD TABLES DESCRIBING THE Bt#CKING CIRCLES
READ (541430) NC oo o
IF (NCMAX=NC) 290,300,300

WRITE (6,1490) HCMAX

FIG. 10.
(continued)
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300
310

320 _WRITE_(6,1570)

STYP
D2 310 I=1,NC . o
REAL (5416200 XICI)oYICI)sZIUI) RILT),KIND(IT
CONTINVE
BUTPUT BLOCKING CIRCLE SPECTFICATIENS
LINES=1 ,

DE 340 I=1,NC
LINES=LINES-1

1F (LINES) 320,320,330

330
340

350

[+

LINES=55

WRITE (6415800 XI(1),YI(I)sZECI)»RICI}IKIND(I)
CONTINUE

CALL SCLBCK (DUM,DUM,TNcWyDUM)
YP=0,
IBLO=THEN
READ CASE DATA

READ (5,1470) THETAL,THETAF,OTHETA e
READ (5,1470) PHIIPHIF,OPHI .
READ _(5,1480) 1EnWUL, IENUF, 1DENU

READ (5,1500) 'UST, DMAX, BMEGA ,HMIN,NWIN,NSPEK, INPUTF

READ (541470) Xxp,2P

READ (5,1660) TINPUT

READ (5,1660) w

WRITE (6,1510) KASE,DATc, (BETA(T),, I=Ly &), (KBNTT ), I=1,NENT
WRITE {651650) (HDG(1),1=1,12)

WRITE (6,1600) XP,YP,ZP,BMcGA
WRITE (6,1630) HMIN

360

WRiTE (6,17401 w
WRITE (6,1750) TINPUT

WRITE 1641610) THETAT, THETAF ,DYTHETA, PRI TPHIF,DPHI, IENUT s TENUF, ID
INUy ZERD, DMAX, DS

IF ((IENUF-TENUI7IDENU=%39) 376,370,360 7~
WRITE 16,1760])

A
5

370

[+

Go 18 350 77
CINTINUE
DENU=]DENU T T T e T T e e e e e
ADJUST LIMITS FOR CENTER-EVALUATI@N BF ELEMENTS.
THETAI=THETAT4.5«DTHETA i o o
THETAFeTHETAF~.5#0DTHCTA

T PHI I EPHITH S WOPHT -

C

PHIF=PH]IF~,5#0PHI

CONVERT ANGLLES Ty RADIANS o ’ o T e -
THETAI=THETAI/57,2957795%

THETAF=THETAF/%7,2957795 77 T
DIHETA=DTHETA/57.295779%

T T T T T AR =PRI T 510295TT9S T T T T

——

380

c

390

T TSTNUESINT@MES A} T T

PHIF=PHLIF/57,295779)
DPHI=DPHI/S5T7,2957795 T T e e e
BMEGA=BMEGA/ 57429577 3>
D@ 380 I=1,440" T T T T
SLIPLI)=0.

COMPUTE EQUATTSN BF PLANE OUF WINDBW, AND HIGH AND LBW VALUES BF X
Yo AND £ « IF wWINDOW BPTI@N HAS BEEN SELECTED.

WRITE (641680) SCAL,SCALZ,STAL%,SCAL®,STAL3VSCALSySCAL?
IF (NWIN) 330,460,390

READ (5,1470) OISoHT,WIC i -

WRITE (691690) DIS+HT,WID

C2S0=CaS(BMEGA)
HHT=HT/2. o o -

FIG. 10.
(continued)
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4

c

o

c

£
¢
c
c

X1aXP=UISeST Jd+HHT «C 350
I1=lP+DISeCISu+HAT 54D
2222P+D]150C 25 =iT S5 [12
DeNozX2e/ll~X1e/2
APW=(ZL1=22)/DCNi
CPWs(X2=X1)/DENY
BPW=0,.
IF (X1=X2) 400,410,410
400 XH=X2
XL=x1
G Ty 420
410 XH=Xl
XL=*X2
420 IF (Z1=42) 430,440,440
430 ZHnsl2
L=l
G623 TY 450
440 IHsll
ILs{2
450 YHswlID/2.
YLs=YH
_ FACT@R oF 1710 PZRCNT T PRECLUUE BINARY ROUNDBFE,
XH=1e001 # X2 ' a I
YHsl,00levYH
IH=1.,001e2H
XL#e 9990 XL
YL3.939evL
IL3.999#7L
460 CONTINUC
WRITE (6,1700)

INT.GRAT: JViR THETA

DE{U=TDEN

FLUFFsDTHS TA«DPRleDE IU

“FLUX=0,

THETA=[HeT Al
470 SINT=SIN(THETA)

C4ST=CUSITHETA)

SENKE=SINTeCUST

SANKAZFLUFFeS] K]

IF (ABS(SINT)I=1,2-5) 1370,1370,480
480 IF (ABS(LIST)=1.2-5) 1370,1370,490
490 CINTIUE

INTIGRATE SVER PHI

SuM2aQ,

PHI=PHIIT

COMPUTS DIRZCTI2N CuSINES (L2SA,00SB4,C3SG) IF THIS RAY,
500 S1HP=SIN(PrI)

CasSP2LISIPHI)

DO=SQRT(1e=SINT#3INT#SINPeS["P)

TS1=S1uTeL25P

PSI=ATAN2({TSL CusT)

DEL=HPI=JMEGA~PSI

COSA==DD*CIS(DZL)

C2SB=SINTeSINIP

C2S62DUeSINIDEL)

CIMPUTE SLIMIT,THE DISTANCE FRIM XP,YP,ZP AT WHICH INTEGRATIGN IS

T T2 BE TERMILATZU. THIS wILL BE DETEAMINED BY TWE PJINT JF [NTER="

SECTION IF THE RAY wITH EITHER Tk NEAREST JCCLUSIBN OR THE LIMIT
ING SPHERZ, WHICHEVER IS CLuSER. EXAMINE THE JCCLUSIGNS FIRST,

FIG. 10.
(continued)
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520 1F (XINT=XL) 1350,530,530

€ T IF WIND@W 2PTI¥N USED, DWES RAY PASS THROUGH WINDOW.
IF (NWIN) 510,570,510 B o
C COMPUTE PJINT @F INTERSECTIBN oF RAY WITH PLANE BF WiNDOW.

510 _XINT=(1.+CPwa (C#SGeXP/CLSA=ZP) )/ (APW+CPWECOSG/COSA)

YINT=YP+C3SB/CESA® (XINT=XP)

ZINT=ZP+CASG/CASAR{XINT=XP) ]
c CHECK PQINT JF INTERSECTIBN FOR WHETHER IT LIES WITHIN WINDEW
c ~ INTERI@R.,

IF IXH-XINT) 1350,520,520

530 IF (YH-YINT) 1350,540,540
540 I1F {YINT=YL)} 1350,550,550

550 1F (ZH=ZINT) 1350,560,560
560 IFf (ZINT=-2L) 1350,570,570

[ RAY DBES INDEED PASS THRBUGH WINDOW,.
570 _CBNTINUE

TTT58Z IF (RI(TY=DiV 590,620,620

TTTTTTUINITALLZE SUMMATIONG

4 CHECK 2CCLUSI®T LIST FOR NEAREST INTZRSECTIZN, IF aNY.
_ DMI=DMAX
DB €20 1=1,NC
2A=21(1} o
TEM=(ZA~-ZP) /CESG
___IF _{TEM) 620,620,580
580 XA=zxXP+TLMe( 5S5A

YAzYP+TEMe(CCSB ,

D1=SQRT((XA=XI(1})wa2¢(YA=Y]{l})ma2) :
c D1 IS TH: DISTANCE BETWEEN THE POINT @F INTERSECTI@N BF THE RAY
¢ WITH THIS CIRCLcs AND THZ (ENTER @F THE CIRCLE.

IF{KIND(]1))584,584,582

584 IF (RIU]1)=-D1) 620,620:590

c RAY [S BLBCKED BY THIS 2CCLUSI@N.

590 D2=TEM o o i
4 D2 IS THE DISTANCE BETWELN THE PRINT OF INTERSECTION &F THE RAY
£ WiTh THIS CIRCLE, ANp Thi BUSERVATISN POINT.

TTIF (027 600,6207600 7
600 IF (D2=DMIN) 610+620,020
610 DMIN=D2
620 CanTINUE

S=0s1/2.
___ DS=0s1
D2 630 1=l,440
GNEW(I}=1,
Folii) =0,
AC21(1)=u.
L AD3itI)=0, _
630 SPKIDS(1)1=0.
D 640 1=1,140
FO2(1) =0,
AC@Z11)=0,
ADB2(11=0.
640 CANIINUe

D37650 1=1,40
F23(11=0,
AC23(1)=0.
650 ADP3(1)=0.

D2 660 121,440

660 F4ll1)=0.

¢ INITIALIZE XoY4ZsDXyuYsD2Z ™
DX=0SeCUSA
DY=0SeCsB

FIG. 40.
(continued)
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BV RE

DZ=DS#CASG
XzXP=DX/2e
Y=YP=DY/2.
_l=1p=D1/2.
TINDEX==1.
TuSTa=0
JFK=1
TWONEW=0.0
c INCREMENT X Yol
670 X=XeDX . __ ... — I
YaY+DY
2=2+01 .
[ BIVARIANT TABLE LP@K-UP FUR PRESSURE (PRES) AND TEMPERATURE (TEMP
IF (Z-22(1)) 700,690,690
680 GO T3 1320
___690_1F (ZZ(NZ)=Z) 7004720,720
c IF INCREMENT HAS N@T BEEN COMPLETED BAGCK UP BNE JFK
[ AND COMPLETE INCREMENT
700 IF (JFK~L) 680,680,710
710 JFKsJFK-1
Gd Ty 990
G 1-AKGUMcNT IS wWITHIN RANGE dF TABLE. .
7207 02 122 122,M2 - -
IF (1Q3=1Q4{1)) 730,730,722
722 CONTINUE
730 22s22¢(1)
Li=z22(1~1)
N T . N
RUsSGRT{Xe X+¥2Y)
RWW=RYW
IRATIG=s(2-21) /7 (22-21)
KaNR{I)
D@ 740 J=22,K
I IF_(102=-1QL11,4)) 750,750,740 ]
7D COnTiINUE
REARDN=(RW=R(1,K))/ZRATI®
RWW=REARDN#R( [ ,K)
750 J=J4-1
R11=R{ 1,4}
e T=TLL S
Pll=P(1,J4)
03 760 I1=1,MNONNH
F1UtI1)=Fi1,J,11)
760 CONTINUE
R12=R{1yd¢1)
CT12=T(1,4d¢1)
P12aP(1l,d+1)
D3 770 Il=1,NOnNN
FL2(I1)=F(I,d+l,11)
770 CJNTINUE
1=21+1
e L _K3NR(I) e
T D8 780 J422,K
IF (1Q2=-1Ql(1,J)) 790,790,780
780 CANTINUE
790 J=J4~1
R212R (1)
_T2isTil.d)
P2L=P(1,J)
DO 800 II=1,N3iN
F2LUEI)=F(1,Js11)

Fi1e. 10.
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. B40_CANTINUE

¢

c

€

[
c

C

C

800 CANTINUE
R22=R(1,4+1)
T22:T(1,4+1)

L P22aP(l,0¢1)
De 810 I1=1,N@NN
F22(11)=F(1,941,11)

810 CONTINUE
RX=R11+ZRATIO®(R21~R11)
RY=K12+4ZRAT @ (R22-K12)

_CHECK FOR RW GKIATER THAN PLUME BBUNDRY
IF (RY=RW) 820,840,840
IF INCREMENT HAS NET BEEN CUMPLETED BACK UP @NE_JFK_AND COMPLETE

B20 IF (JFK=-1} 680,680,830

830 JFK=JFK-1
G2 Te 990

TTRRATIO=E (RW=RX)Y/{RY=RX)Y =77 T
FXaPL1+ZRATIA#(P21=P11)
FY=P12+ZRATID®(P22-P12)
PwWzFX+RRATID® (FY=FX)}
FX=T114ZRATIOB#(T21=-T11)

. FY=TI2+ZRATIB#(T22-T12) __ e o
TwW=FX+RRATID®(EY-FX) ”"‘
D@ 850 Il1=1,NB8a0
FXaFI1(II)+ZRATII®(F21(I15)~F11{
FY=FI2(11)+2ZRATIRe(F22(11)=-Fl2¢
Fulll)=FX+RRATJue (FY=FX)
850 CANIINUE
T DETERMINZ IF TEMPERATURE §TcP IS DESTRED
IF (TINPUT) 1010,1010,860
DETERMINS IF THIS IS THE FIRST STEP IN AN INCREMENT
860 IF (TINDEX) 1010,870,90C
CHECK T SEZ IF DELTA ¥ EXCEEDED @N FIRST §Y&p ~ ~~— ~ — —~
_B70 1F (ABS(TW-TWST4)=TINPUT) 880,1010,1010
T INITALIZe TPROPERTY TSUMS
880 PWSUM=PW
TWSUM=Tw
D2 890 I1=1,N3NN
FWSUM(TI)=FwiI])
890 CANTINUE

T
1)

TINDEX=1.
G2 Td 950
CHECK FUR DELTA Ty SLuPE CHAWGE AND INTEGRATIDN LIMITS
900 IF (ABS(TA~TWSTLI=-TINPUT) 920,970,910
910 IF (ABS(TW-TWST2)}=1.1eTINPUT) 970,970,360

920 _TWDILD=TwW)HEW

C

930 _PWSUM=PHSUNM+PW

TTWONEW=Tw=-TwWSTd 7 T T T e e
IF (ABS(TWONZW).LT.ABS(TWDOLD)) GB T3 970

IF (SeLT.DMIN) 6@ T2 930 T T e
Gz Tp 970 )

INCREMENT T NEW POSITIEN BN LTINE BF SIGHT T T

TTWSUME TWSUMSTW ™77
D& 940 J1=1,N2Ni
FwSUMITT ) =FWSUM(TEY+FwlTIY ™~ 777777777 s oomms e e e
940 CANTINUE
950 JFK=JFK+1 . T TTT T T T T s
$=5+DS
T wWoLD=E i w D e
Gy TP 670
BACK UP-TEMPERATURE STEP T¢d LARGE T ST T

FIG. 10.
(continued)

52




960 X=X-DX
Y=Y-0Y
131-02
..5=5-DS
JFK=2JFK=1
G4 T3 990
[+ COMPLETE PREPERTY SUMS
970 PWSUM=PWSUM+PHW
THSUM=THSUM+TW
. . _Tw3LD=TW
’ DY 980 1=l ,N@iiN
FWSUMLTT)=FwSUM(IL)+FW(I])
980 CONTINUE
o CAMPUT: AVERAGe VALUES FBR INCREMENT
990 FJUFK=JFK
_DSS=FJFK#DS
JFK=z1
TwSTo=TwalD
PN=PWSUM/F JFK
Tw=TWSUM/F JFK
D9 1000 II=L,NOnN
1000 FW(II)aFWSUM{TI}/FJIFK
GO T8 1030
[« IF IRCREMENT IS JNLY uUNc SToP
1010 DSS=DS
TuSTo=tw
D3 1020 II=1,%NainN
_EX3FLLUI1)+ZRATI48(F2LITIT)=F1LUDT))
FYsFL12UI1) +ZRATIa#{F22(11)~-F12(11))
FWill)2FX+RoATI G {FY=FX)
1020 CANTINUE
1030 CJINTINUE

PwW, TW, AND Fw Ndw CINTAIN THE (TOTAL) PRESSURE, TEMPERATURE, AND

MOLE FRACTION (RESPECTIVELY) AT THE PAINT Xy Yy Zo

4
c
C C3MPUTZ PARTIAL PRESSURESICIRRcCTEDY FBR ALL
c CONSTITUENTS
PHQRST2Pw
PusPuebtl,76/Tw
PwQ=Pw
D8 1040 II=l,Ndtn
Qmiil)=Fwl[1) P4
1040 CAJTINUC
[+ IDENTIFY PARTIAL PRcSSUKES
PH24,20,
PCAZ=0.,
PCJI=0.
D2 1070 I[JKal,i3dN
IF (NUMCUN(LIJKD NELL) vi Tg 1050
PH2:2Gm( 1JK)
G4 TO 1070
1050 IF (HUMCAN(TJIK) JHEL2) G To 1060
PCI22QWl1IK)
G3 T2 1070
1060 IF (NUMCON(IJK)NEL3) Gé Tu 1070
PCU=QW (1JK)
1070 C3411Nue
RAM=( (491, 76)/Tulee,5

GAM=z1,/RAM a
[ QUTCER LsJP CANTRILS 'W.
c INITIALIZE OM2

Dd 1310 J=IENUI+lchUF.ICENY

FIG. 10.
(continued)
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FFLAG=0.
DMB=0,
c INNCR LégP CONTROLS CBHNSTITUZNT @F INTEKEST
.. D2 1300 lJy=lyNaiN
IF ([{PUTF.E0Q.0) GJ T¢ 1080
1F (FFLAUV.EG.L.) G T 1300
GJd Te 1180
1080 IF (NUMCIN{IJ).zQ.0) GO T2 1300
ENU=J
FIND CoiiSTITUEN] BF INTEREST ACCORDING T4 IDENTC LIST.
NUNCENENUMC 2R D)
PH2=PWU=PH2E=-PCL2~PC s
G2 Te (1090,1120,1150,1180), NUNCoN
C WATEA VAPPR CALCULATZ GAMMA(COLLISI2NG,
C MAK: SURE WE ARS INSIDZ RAWGE oF FIRST CONSTITVUENT COEFF TABLE
1050 IF (JolbelONLL.BR. IS 12WIV) 6B T@ 1300
L23K UP ABSBRPTIcN (OcFFICTENT.ESTABLISH LBCATION To TABLE,™
I={NU=CONLLY /25,
D2 1100 JJ=2,NKT
1F (Tw-TEMK(JJ)) 1110,1110,1100
1100 CeNTINVE
1110 Ml=4J-1

T

TM2=0d
AC=(REF (ML I #(COCEF LML 1) =COF MLy 1) )O(TW=TEMK(ML) )}/ (TEMK{M2)~TEM
1{ML)) ' ’
c TeST FOR MINIMUM ABSORPTIUN CBEFFICIENT
IF (ACLIJHMIN) 8 T2 1300 '
€ AC MULTIPLIED uY 0012 T3 CoNVERT INPUT UNITS (1/CM-ATM2S)
C INTY COMPATIBLe UNITS WITH THE FUOW FTECD. T ot

AC=,0012#AC
BL=GAMS (00024251 78PH28+,0000566894PCE2+,0000472416PCB+,C0020786«
1H23/6AM+,000023625*PH2)

PwW=PHZ 2
€ CALCULATI GAMMA{OYPPLER).
BD=1.39i-08Z0U/RAM ~ T o
c CALLULATz 1/0
NK=1

IF (ENU.3T.160004) NK=2
IF (ENU.GT.2500.) ~NK=3
IF (EUsoT.4400,) NK=4&
TF TENU.GT.5900,) hik=s
AST=BI{NK)+CILiK) #TweTw
ASTAR=10,eeAST
THITA= ( 44 eRAM+,09)#2AM
CSTARE(((Ca)uTne(3)eTw+C2)eTW+Cl
GEMSTR=THITA®CSTARS( 1. ~CSTAR)#RAMS D44
DINV=ASTAI/GEMSIR 7 ) T
C CALCULATE GAMMAIC) /D

B8COIzBCeD! NV

BDD[=BD*UINV

Ga T2 1220
C C¥2 SAME PRAICEDURE AS ABuVE EXCEPT TABLE L@3K UP FPR L/D
1120 TF (J.LE.IPNZUL DR, J.GELT2ZN2ZU) o8 T 1300

I={{J=TUN2L)/ 25} +NKNU

D2 1130 Jd=2,NKT

IF (TW=TEMK(JJ)) 1140,1140,1130
1130 CANTINUE
1140 Ml=JJ-1
TTUMZEYIT
AC=CZEF(ML 1)+ (LOEFIM2 o 1) ~COEF ML, 1)) o (TW-TEMK{ML) )/ (TEMK{M2)~TEM
LML) T T T T e s

FI1G. 40.
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AC=,0012+AC
IF {(ACsLE<HMIN) G@ Ta 1300
BC=GAM#{,000042517+PC2+.000033068¢PH22+.000023620#PCI+.0C00378+P
12)
PwapP(32
BD=,8912-6%cNU/RAM
[ TABLE L@23K UP FdrR Ll/D.
Is{ENU=C3N2L) /25,
DINVEFINS{ML I+ (FINS(M2:L1=FINS{ML, L))o {TW=-TEMK(ML)}/(TEMK(M2)~-T
_IMK(M1)) o
BCDI=BCeDINV
80D =3D=DINV
GJd T3 1220
c CO. SAME AS WATER VAPIR.
1150 IF (JoLEWIBN3ILLBRGJGTIANIUY) G& TR 1300
1a((J=[YN3L)/25)+KKAY

D3 L1600 JJ=2,NKT
IF (TW=TEMK(JJ)) 1170,1170,1160
1160 CANTINUE
1170 Ml=g4-1
M2=24y
_AC=COEF(ML, I)+{CIEFIM2, ) =COEF (ML, 1) )2 {TH-TEMKIML))/( TEMK(M2)-~TEN
1itML))
AC=.0012%AC
IF (AC.LE.HMIN) GU T2 1300
BC=,000023620#GAM® {PCI+PH2U+PL I2+PH2)
8031, 12E~6#ENU/RAM
Pw=PCl -
DIN2EXP(=1561,5%1.8/Tw)
DINVa{.290(1.+0IN) #e1, 751/ 11.-DIN)
DINVaDINVSSCAL
BCLI=8C#DINV
BOD1=8DeDINV
Ga T2 1220

_ 1200 M1=]-1

T CARBON BLICK
1180 FFLAGsl.

IF (JuLE.999) GJ T 1300
PWQRST=PWQ
WM218,0160PH20/PHQRST+44.,019PCA2/PWARST+2,016#(1.,-PH28/PWQRST-PCI

_ _L/PWURST-PCA/PWIRSTI+28.014PCH/ PWQARST )
FuQusw/(273,2282.07/wH) - CoTTromTm o e - -
Pw3FWQQePWQ
DJ 1190 [=22,7
IF (TW=-TEM([)) 1200,1200,1190

L190 CUNTINUE

M231
DJ 1210 L3Ml,M2
1210 TAC(L)Z(((A(L,SI*ENU+ALL &) ISENU+A(L,3) ) SENU+A(L,2) ) ®ENU+A(L, L)
ACaTACIML) +({TAC(M2)=TAC (ML) ) #{ TW=TEM(ML]})}/LTEM(M2)=TEM(MLY}
AC=,0012#AC
1220 C3ATINVE R
o (L/ATM2S)*,.0004725414 = SQ-FT/PUUND
c (1/7CM)1 22,54 = L/INCHES
c THEREFBRE K(1/CM-ATM3S) IS MULTIPLIED 8Y .001200 T@ BE CAMPATIBLE
c IN THE cXPRESSIAINS PeKe#CS ([EXPINENT) AND PeKe[eDSeONUSDTHETA®OPHI
c
[o

SINCE P IS IN PJUNDS/SQ-FT AND DS IS IN INCHES.
CJIMPUTE INTZENSITY

T EYS21,0495~124cNUSENURENU/ (EXPTZ B85S e TO7TWY=T YV — ——— ————

PX=ACePW#DSS
DFJ=2PK

FIG. 10.
(continued)

55



1240

1250

1260

1270

1280

1310

1320

1330

TAD33IL)=ADD3IL)+BDDTSDFE

TFa=FD4 (L)

TEEI=LOO/FET

‘CBNTINUE

CYITINOE

Gd T (1230,12640,1250,1260), NUNCEN
L=tJ=IENUI)/1DENU+L
AC2LIL)=AC21(L)+BCDI*DFER
AC2=ACJl(L)
AD21(L)=ADDL(L)+50D1*DF2
ADI=ADIL (L)
FaL(L)=F3L{L)+DF2
FasFal(L)

G2 T3 1270

L=(J-13N2L ) /1DENU .
ACB2(L)=aCB2(L)+3CDI#DF2
AC2=ACY2(L}

AUJ2(L}=ADE2(L)+BODI*DFe
ADZ¥=ADuw2 (L)
FA2(L)=F22{L)+0F2
Foa=Fd21(L)

G2 T3 1270
L=(J-1203L)/71DENY
AC33(L)=ACI3IIL)I+BCDTISDF2
ACH=AC J3(L)

AD2=ADE3(L)

FA3(L)=FS3(LY+UFD
Fa=Fu3(L)

G2 T2 1270
CARSON

L=(=1ZaUl ) /10Ul
Fd4{L)=F U4 (L)+0FD

GI221.5+8

GE4=lec+d
G2 T& 1290

IF (ACO.GE.O.) GR T2 1280
WRITE (641770) Ly NUNCON»X, Y229 AC2yBC,DINVyAC,PW,DSS

OC=FA7SURTIL.+.25%Fd8F2/7ACH]

DDO0=1. 72ADD/F 38 SURT(ALBG 1o+ (s 5899FB*F2/ADB) 282} )
61=DC2/F2 ’ T T T T T T e
GIl=0ELl#GEL

Ge2=le=0GEL ' o T T

GE2:1e/GE2/GE2

GE3=HEIRGED
GE4=le-0cE3
Gi4sl./GE4/GES
CeiTINUE
DMI=FOeSURT(Le=14/SURT (G32+GE4=1.))+DMD

IF (DMJeLZS40.) v T2 1310
t=ly=1Zul 1/ 10elU+]
GoLultl ¥ =GNZwil)

GNEW(L)=EXP (=DMZ)
SPKIDS(L)=SPKIUSIL)=SYE#(GUEW(L)=GBLDIL))

S$=5+0D8§

TINDEX=0.
TWDiiEw=0.0

IF (DMIN-S) 1330,670,0670 " T
SUM1I=0Q,

- D3 1340 L=TENUT, TENUFYTUENU

Isti=1zhul)/1D0ewu+l

SLIP(L) =SLEPLI)+SPKIDS(I)®#SANKA

FIG. 40.
(continued)
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1340 SUML=SUML+SPKILS(L)
c FACTAR wF 1.000UL Ty PRCCLUOE :FFECT 3F ZINARY ROUND-QFF
SUM23SUM2+ SUML
1350 PrlspHI+0PHI
[F (1.00U0L®PHIF=PHI) 1360,500,500
1360 FLUXSFLUX+SUM2#S]NK2
L1370 PARTL357.23577T958( THETA+OTHETA/2,)
PART2aFLUXFLUFF
WRITE (6,1710) PARTL,PART2
o THETA=FHETA+DTHETA ) )
I¥ {1.00UCLeTHETAF=THcTA) 1380,6470,470 T T T
[ TITEGRATIO Y [S NIW COMPLITE. FLUX CINTAINS VALUE dF INTEGRAL.
1380 FLUX3FLUX®FLUFF
WRITE 16,1590) FLUX
CALL SCLJCK (DUM,DUM, T I Wy DUN)
CITEM=TycW=TLD
wRlTe (e,l640) [TIM
IF (KA} 1390,1400,1390
1390 RcwWliw 8
1400 CJINTINUE
IF [SPEKeCWD) G2 T4 350
. le .
0d 16420 L=134Ul,1ENUF, 10U
Is{L-I3NUL)/ZIDE WeL
Jal-l
IF (JaGT.0) 5¥ T3 1610
J=230
WRITE (6417200
1410 Enuag o
ELAMS]  Ze4 /50U
EYSLAM2L,E=~48 (EJUSENU~,25¢0cNUSDENU) /D IUSSLIP(T) 8S5CALS
WRITE (0ol 730) CLAMEYELAM, cY,SLIPLTY
1420 COITINUE
6J TJ 350

1430 FIRMAT (4110)
16460 FJIRMAT {l6HLeseeseMAX [MUM NUMBER JF TEMPERATURES IN TABLE OF ABS2R
LTI CSEFFICIENTS IS ,13)
1450 FIRMAT (T6HLesmesMAXIMUM NUMBER JF wAVE NUMBERS [N TABLS OF ARSER
CLTH8G COEFFICIENTS IS ,13)
1460 FJIRSAT (3£9.2)
1470 FJIIMAT (7510.0)
16480 FJURMAT (316)
1490 FJURMAT (4lHiseesedUMBER IF BLJICKING CIRCLES £XCEEDS ,1I3)
1500 FJR¥AT (4310.0,315)
L510 FeRMAT (1HL1,29X,38HPLUM. RADIAJCE CALCULATION (2-0)y RUN ,18,7X,l
’ THUATE oF RUN= A6, //58X20M(GENERAL RADIATION) ,//43X22HFIELD TOEN
2IFICATIZ = ,4A6,//30X26nCINSTITUINTS JF INTERZIST- ,846)
1520 FIRMAT (LHL,54X2lHFLOW FISLD PRIPERTICS//56X,2HL=,F10.4y7H INCHE
LZZLIXT90R (IICHES ) TEMP (UEs R) T3T PRES (PSF)
2 MILE FRACTS/62X38HCZNSTITUENT 1 CINSTITUENT 2 COINSTI
o UENT 3 CINSTITUSNT 4//77)
1530 FIRMAT (10X,7F16.6)
15640 FZRMAT (LlH1,46X,38HABSIRPTIIN COZFFICIENTS (L/CM=L/ATMOS)//64%X,1A
L//30X14HWAVE 10.11/CM)L5X20HTEMPERATURES (DEG R)//745XTF8,0//)
1950 FURMAT (30XF9.0,7XT7F8.4)
1560 FURMAT (30X F9.0,7X,7F8.1)
1570 FJIRMAT (LHL,57X,16HBLUCKENG CIRCLES//44XIHXLIXIHYLIXLHZLIX1HR7X4H
LYPZ//) T vy T e
1580 FORMAT (36X,4F12.494%,1[2)
1590 FIRMAT (/////5LX¢HF=Z16.8, 14 BTU/SQ-FT-SEC)

Fie. 10.
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T 1600 FsRMAT {//50X,32HCOBRDINATES @F 3BSERVATIZN PRINT//5TX2HX=F9.2, TH

LIACHES/STX 4 2HY=F9,2, TH INCHES/STX2HZ=FI42, TH INCHES///42X33HINCLE
2ATION OF PLANE oF INTGREST F7.2,8H CEGREES:®

1610 FIRMAT (//55X2LHLIMITS £F INTEGRATIGN//33X5HVARIABLETXSHUNITS10XS5
TILUOWEROXSHUPPER TXIH I NCREMENT/ /3 SXSHTHETATX SHOEGREES 3F1%. 3, 736 X3HP
21BXBHDEGKEES 3F1443/36XBHWAVE NG6XTHL/CM  3114/37X1HSOXBHINCHES
3 3Fl4.3) ’ A

1620 FIRMAT (4510.0,15) o

1630 FORMAT (//30X,34HABSYKPTIIN CREFFICIENTS LESS THAN yFBed27H ARE
LONSIDERED T2 B:E ZER.)

1640 FoRMAT {7/ 780X I THCACCOLUATT BV TIME ,16,8H SECBNDST

1650 F2RNMAT (LlHO29X1246) :

1660 FJIRMAT (:1040)

1670 FJIRMAT (1H1,46X,38HFINE STRUCTURE PARAMETERS (l/v) /764Xy 1A
L//30X14HNAVE Noo (1/CM)1SX20HTEMPERATURES (DEG R)I//745XTF8.0//)

1680 FJIRMAT (//6OXL3HSCALE FACTSnS//30X21HFLOW FIELD DIMENSIANS4XF12.5
T4X18HABSORPTION GCOEFS  F12.5,/30XZ3HFLDOW FIELT f?nﬁ’ﬁl?URE??YTFT?
2514X12HSHAPE FACTOROXF12.5,/30K20HFLOW FIELD PRESSURES5X,F12.5,/3
3X25HFLJUW FIELD MOLE FRACTIBNSFL2.5,/30X3HL1/D22XF12.5)

1690 FIRHAT (//30X30nWINDAW JSPT13 WAS SELECTED. D=, lPE12.5,3H H=,E12.
1s3H W=24512.5) =

_ 1700 FIRMAT (1H144X42HACCUMULATION OF FLUX WITH
LRTHcTAYOX&HFLUX//§ -

L1710 FIRMAT (S2XFQ.3,4XLIPELS5.T)

L720 FJURFAT (IHL141X4THDISTRIBUTIAN OF FLUX WITH REGARD T2 WAVE NUMBER7
1/740X6HLAMBDAG6XBHI~LAMJUAGXLLHNAVE NUMBERTX4HFLUX/ /)

1730 FBRMAT (35XFL2.4+3XLPEL1DeT,0PFL10.1,4X1PELS.T)

1740 FIRMAT (//30X,58HTnc CARGZN MASS FRACTION (PJUNDS CARBEN PER PILN

ESPECT T8 THETA//55%,

)

c
C
C

T oas) TS VF8JaT
1750 FORMAT (//30X,23HTEMPERATURE STEP SIZE =F7.1)
1760 FYRMAT (51HONJ. 3F Nde INCREMENTS TXCEEDS ALLIWED 440 STJIRAGES//)
1770 FIRMAT (1HO,217,3X43F7.196c1%46)
END
*
IBFTC FLJWDK DECK TttY T T
SUBREUUTINE FLIWTC
RIUTINE T3 REAU FLEW FIELD FRBM BINARY TAPE,
3k FRuM CARDS
353883 T )
DIMINSICH KoviB)y HOG(L2), obtTAl4), ZZ116), NRE1S5), R{15,75), T(1
TTa750, PUL5 L7950, FO15,75,41, kNN(2)T [DENTCi8), NUMCIN(4) ;" KINEMEL
20421y CUNAT(20)
CIMMIN /FLDFLP/ KA,SCAL.SCALZySCAL3,SCALA,SCALS,SCALESLALTKBN,H
16 sBeTA ZLyNUPSy AR yRy T o Py Fy NN ¢NZ s KNNy NINy NUMCEN,KAST ¢ ICASE 4 NOC &N
DATA NRMAX JNZMAX LIBCON,ASTR/TS, 10,4 61000088/

DATA (IUSHTCUL 413148 1/6HH2AL 5y 6H) 1O6HC1B2(Gy6H) 1OHCLEL
1G4 6H) v6HCARBIN, 6H CTemmmTTTTTTT T e
CaD:z=0,

IF (KA) 30,10,90
FLdn FIELD IS T2 CuME FRYUM CARDS.
10 RIAL (54470) SCAL.SCAL2,SCAL3,SCAL4, SCALS5,SCAL6,SCALT
READ (54480) (Kod(l).l=lqul)
READ 15,5201 HDG
RZAU {5,520) BeTA
WRITE (6,510) (HDOG{1),1=1,12) T T .
WRITZ (6+500) KASEWDATEL(BETA(I) 4y I=1,44),(KBN({I),1=1,NON)
I:l T oTTT o )
20 R=AD (5,530) ZZ(1),:3PS
R (NSPS.L:.O) Gy TJ 50
IF (NAPSJLELHRMAX) o3 T2 30
WRITE (b.«SO) NRMAX, Iy NEPS - -

FIG. 40
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(IR P4

30

“0

NOPS=NRMAX

NR(11=N@PS

0@ 40 L=1,N2PS

READ (555600 ROIoL)oT(IoL) PLI L)y (FIT,LoKKKK)yKKKKZLyNENN)

50

s+l -
IF (I.LE.NIZMAX) G@ T4 20

WRITE (6,460) NIMAX

N@PS=0

NZsI-1

03 50 KKKK=l,NSNN

[%

c

4

c

60

70
80

100

110

120

90 D3 430 KKKK=1sneNN

D4 60 L=1,LIBCAN

KNN{L)=KaN(29KKKK=1}

KNN(2) KN (2#KKKK)

IF (IDENTC(2#L=1) EQ.KNN(L).AND.IDENTC(2eL).EQ.KNN(2)) GB T3 70
CINTINUE

WRITE (6,550) KNWN

NUMCEN (KKKK) =0
63 Te 80
NUMCZN (KKKK ) =L
CINTINUE .
RETURN

FLAW FIELD 1S Ty CIME FROM TAPE N

REWIND 8
RZAD (8) (HOG(I)yI=1412)¢ICASE
IF (KASE-ICASE) 110,180,110

CASc NUMBER JJES N@T MATCH, CHECK FuR ENO TAPE.

=
i

04 120 I=1,12
IF (ASTR=RDG(T1) 130,120,130

CONTINUE i

SJRRY, END BF TaPE.

WRITE (6,440) KASE

sTaP T

NOT AT END 2F TAPE. SKIP TJ NEXT CASE.

130
140

REAL (8) (BETATD . [=1,4)
READ (8) NOCHN. ((KONAME(Id)9sJ=192),CONWFI(I) o I=1,NICEN)
REAL (8) NIPS,NUPS, NIPS,NUPS,0UM

IF {NRMAX-NBPS) 150,160,160

150 NaPS=NRMAX

C

c
c

160

180

196~

IF (N@PS) 100,100,170

TTLT0TREAD (3) (OUM,OUMDOMy {TUM, ML o NaCaNT, LeL,NePS) ~

G4 T2 140

CASE NUMBER MATCHES. PRUCEED T@ LJAD APPRAPRIATE DATA.

READ (8) (BETA(I),I=1,4)

RZAD (8) NBCIN, ((KGNAME(T 4J) odml ¢2),CONWT(I) s [21,NICLN)

IF (KKKK~1) 190,190,200

RERD (5,470) SCAL,STALZ SCALIVSCALSG, SCALS,,STALG,STALT — —
SCAL IS THE CONVERSIAN FACTIR BY WHICH THIS PRAGRAM IS T2
MULTIPLY THE SPAEIAL CZCROINATES @F THE FLOW FIELD T@ GET I[NCHES.
READ (5,480) (KIN(I),[=1,NON)

WRITE (64500) KASE yDATE,(BETA(L} 151440, (KBN(L),[=1,NON)

WRITE {6,510) (HOG{I),I=1,12)

C

200

210
220

230

08 220 [=L,NaTaN
KNN(L) =KIN (2 #KKKK=1)
KNN(2) 2KIN(2#KKKK )
IF (KNN(L)~KINAME(I,1)) 220,210,220
IF (KNN{2)-K3NAME(I,2)) 220,260,220
CUNTINUE

THIS CASE DYES 3T CANTAIN THE SPECIFTED CONSTITUERT., "~~~
IF (KNH(L)=IDENTC(T)) 250,230,250

IF (KNN{2)-IDENTC(8)) 25042404250

FIG. 40.
(continued )
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240 NUMC2{LKKKK)=4 o
Gd T2 430

250 WRITE (044930} KASE,Z(KHN{1)s1=1,2) -

L sTor AR

260 ICon=1

I1=1Cpn-1 .
T1221C2aN+1
1'1 ———

270 READ (8) WNBPSyNuPSyNIPSINZPS4Z2(1)

e L YF IN2PS) 400,400,280 |

280 IF (NRMAX~NUPS) 290,310,310

290 IF (KKKKeNtel) G2 T¢ 300
WRITE (644501 NRMAX, I ¢NEPS
300 N@PS=NRMAX ) __
310 NR{1)=NuPS
L 1F (NBCEN-1) 320,320,330 _ .
320 RZAD (8) (RUI L) 2aT (I oL)sPUToL)yF{I L KKKK)yL=1yN2PS)
G2 T2 380 o .
330 IF (IC2NnN=-1) 340,340,350 T
340 REZAD (8) (RUIsL)oTUIaL)oPUL LY yFUI,L o KKKK)y (DUMyM=2,NOCON)sL=1sN2
18)

. GaTp 380 N
350 IF (N2Con~TCIN) 370,370,360
360 READ {8) (ROIyL)IaTUL oL ) oPUTIsL) y(DUMyM=1 3T} sFlTlsLoKKKK), (DUMyM=12

INOCEN) L=k o NEPS) ‘ ’ -
GJ T2 380
370 RZAD (8) {RU14L)IsTUI L) yPUI4L) s OUMM=L, TL}oFLT,L KKKK)},LEL,NRPT)
380 I=l+}
T OURE ANZMEX=T) 390,270,270
390 IF (L2DEenZe0s) GO TD 40O
WRITE (6,460) NIMAX o T
CdDe=1.
NOPS=0

TTTTTTTTTTB 410 L=1 4L TBCEN
1F (IDINTC(2®L-1).EUaKNN{1) AND, IDENTC(28L}+ECKNN{2)) G2 T2 420
410 CUNTINUE ’ -
WRITE (6,560) KaN
NUMC BN (KKKK)=0 T
G3 T2 430
TTTRZO NUMCIN(RKRKK)ELT
430 CanTINUL
RETURN B

d

440 FYIMAT (18HleeeseS RRY, CASU ,110,37H IS NOT BN THIS TAPE. RUN TE
IMINATED.)

450 FIRMAT (55HO«# s s WARNI NG, MAXTMUM NUMBER JF R VALUES PER 1 CUT IS
1e13s6H, Z(,13,6H) HAS 2 13,4%Hs RUN 1S CONTINUED WITH EXTRA VALUES
2104eREDS ) )

460 FJIRMAT (TOHOe®essWARNING. MAXIMUM NUMBER 2F I CUTS HAS BEEN EXCEEZ
1EUe Z CUTS ABBVE NUMBER +12,34H ARE IGNBRED. EXECUTIAN CONTINUES.

4T0 F2ARLAT (TEL0.0)

480 FerMAT (L2AGY ™~ 77777 T

490 FYRMAT (1BH1ssewsCASE NUMBZR »110,35H DOES NBT CONTAIN THE CONSTI
TUENT = 42464 1H=) I T -

500 FRRMAT {1H1,29X,38HPLUME RADIANCE CALCULATION (2=D)y RUN 18,47X,1
IHDATE ©F RUN= 4A6,//58X20H(LENERAL RADTATIBN] ,/743X22HFIELLC IDEN
2IFICATIwd= 44A6,//30X26HCANSTITUENTS PF INTEREST- ,8A6)

TTTTTUUBLD FRRMAT (MHO29XIZARY T T T T

520 FPRMAT (1246)
530 FIRMAT (E10.0,110) ToTTTT e T T

FIG. 10.
(continued)
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540 FQRMAT
550 FARMAT

1 PRIGRAM,

560 FOIRHAT

(7€10.0)
(23

{22H

THE CoNSTITUENT=-2A6480H~1S NOT RECOUNIZED BY TH

SXECUTIAN CINTINUES wITH CINSTITUENT IGHJRED.)

THE CINSTITUENT=~2A6481H-1S NoT RECIGNIZED 8Y THE

1 ProGRAM. ZXECUTIBN CONTINUES WiTH CONSTITUENT I[GN@RED.)

END

FIG. 10.
(concluded )
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(FLOW FIELD 1S
TO COME FROM
TAPE)

READ INPUT
OPTION (KA),
CASE NUMBER,
AND TWICE THE
NUMBER OF
CONSTITUENTS
{NON)

=0 20

REWIND
8

READ SCALE
FACTORS AND
LIST OF
DESIRED
CONSTITUENTS

KA
(FLOW FIELD IS
TO COME FROM
CARDS)
READ SCALE FACTORS))

CONSTITUENTS
AND TWO ID CARDS

?

( READ FLOW FIELD

PROPERTIES AND

CONSTITUENT MOLE
FRACTIONS

]

SET FLAG NUMCON
ACCORDING TO CONSTITUENT:

4 FOR H204(6)
2 FOR C4102(6G)
3 FOR C101(6)
4 FOR CARBON
0 FOR OTHERS

DESIRED
CONSTI-
TUENT

SET NUMCON
ACCORDING TO
CONSTITUENT
FOR Hp0
FOR COp
FOR CO
FOR CARBON
FOR ALL
OTHERS

OLUWUN -

FI6. 44.

IS
THIS LAST
CONSTITUENT

ON INPUT

LIST

FLOW CHART OF PROGRAM
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4

rr SCALE FACTORS

ARE O, SET TO I ;
SCALE FLOW FIELD}

READ ABSORPTION
COEFFICIENTS AND FINE
STRUCTURE PARAM RS,

SCALE ABSORPTION
COEFFICIENTS ANOD
FINE STRUCTURE

FINE UPPER AND LOWER

LIMITS OF ABSORPTION

COEFFICIENT DATA FOR
EACH. CONSTITUENT

OUTPUT
BLOCKING
CIRCLE
SPECS

FIGURE 14
(continued)
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THIS IS THE
LOOPBACK POINT FOR
MULTIPLE CASES

CALL
SCLOCK
FOR TIME

READ CASE
DATA

|

ADJUST LIMITS
FOR CENTER-
EVALUATION OF

ELEMENTS,
CONVERT ANGLES
TO RADIANS

(WINDOW OPTION DESIRED)

READ SPECS
OF WINDOW

Y

(WINDOW OPTION

NOT DESIRED)

COMPUTE EQUATION
OF PLANE
OF WINDOW AND
COORDINATES
OF CORNERS

)

FIGURE

11
(continued)
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8- LooP

COMPUTE  THE
DIFFERENTIAL
PRODUCT d8d4dV

Y

INITIALIZE :
FLUX=(0)
THETA = (84)

$ - LOOP

INITIALIZE:
sum2=(0)
PHI = (¢¢)

a

(wiNOOW

SELECTED)
NO

OPTION

650 -l

COMPUTE DIRECTION
COSINES
e, B, y

20

DOES RAY

PASS THRU
WINDOW ?

(WINDOW OPTION
NOT SELECTED)

FIGURE 14
(continued)
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COMPUTE UPPER
LIMIT OF INTEGRAL
OVER LINE OF
SIGHT; (MAY BE
LESS THAN INPUT
VALUE BECAUSE OF
BLOCKING CIRCLES)

¥

INITIA LIZE
SUMMATIONS :
6 = (1)

F = (0)
Ac = 10)
Ag=(0)

Y

COMPUTE AX, AY, AZ AND
INITIAL X, Y, 2Z,

[

SET INITIAL TEMPERATURE
STEP SIZE DATA:
TINDEX = (1) TWSTO = (0)
I‘s‘w” JFK= (1) TWDNEW = (0)

)
INCREMENT
X, Y, Z

LOOK UP TABLE AND
INTERPOLATE FOR
TEMP (TW), PRESS (PW)
AND MOLE FRACTIONS
(FW (II) AT X, Y, 2

JFK = JFK-4

(COMPLETED CALCULATION ON
ACCUMULATED SUMS)

G O
FIGURE 44
(continued)
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TINPUT

(FIRST AS STEP ON A

LINE OF SIGHT)

(TEMP.

>0

STEP DESIRED)

<0

TINDEX

(FIRST AS STEP

BACK

AT TOO LARGE

JFK=JFK -4

upP

>4.4 (TINPUT)

$4.1 (TINPUT)

ON A TEMP. INCREMENT) <TINPUT
INITIALIZE
PROPERTY SUMS
PWSUM =PW NO
TWSUM = TW
FWSUM (ID) = FW (1)
AND SET
TINDEX = (4
Ex » (1) YES
S-INTEGRAL. YES
- COMPLETE?
ADVANCE S COMPLETE PROPERTY
sastlis S oto s W
2
AND '”‘;"&""‘T EVALUATE SUMS _
F"‘ . PWSUM = PWSUM +PW
JFK=JFK +4 TWSUM = TWSUM+ TW
TwoLD*Tw FWSUM (I = FWSUM (I) -
+FW ()
COMPUTE AVERAGE
PROPERTIES AND
K ELEMENT LENGTH
(DSS) AND SET
JFK=4
TWSTO= TWOLD
SET
DSS=0S - -
TWSTO= TW
FIGURE 44
(continued)
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CORRELATE PARTIAL PRESSURES
WITH THE NAMES PH20, PCO2,
PCO BY USING ID NUMBERS
STORED IN NUMCON

DO LOOP ON
J CONTROLLING
WAVE NUMBER
OF INTEREST

DMO=0
FFLAG=0

DO LOOP ON
IJ CONTROLLING
CONSTITUENT
OF INTEREST

*working =V
£0 NUMCON
(1J)
=4 =2 =3 =4
(H;0) (COp) (CO) ({CARBON)

M N 0 P
FIGURE 11
(continued)
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I8
THERE AC DATA
IN TABLE FOR CO
FOR THIS VALUE
OF »

LOOK UP AC
IN TABLE

NO

CALCULATE
Y. 7,
AND
1/ 4

9

FIGURE 11
( continued )

s
CARBON AC
CURVE FIT VALID FOR
THIS VALUE OF
»

CALCULATE
AC
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IS
THERE AC DATA

FOR THIS VALUE

LOOK UP AC
IN TABLE

IS AC
GREATER THAN
HMIN

CALCULATE

IN TABLE FOR H,0

S
THERE AC DATA

FOR THIS VALUE

TABLE FOR CO2

LOOK UP AC
IN TABLE

GREATER THAN

1S AC

HMIN

CALCULATE
Ye' 7p! AND

LOOK UP 1/al
IN TABLE

FIG. 414.
(continued)
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Y

CALCULATE
BLACKBODY FUNCTION

=4 s 4
22 =3
CALCULATE Aco, ACO, CALCULATE
ACO, Fo,
ADO, A oo, ADO, FOR CARBON
Fo, Fo, Fo, GE2 = 40¢
FOR H20 FOR COp FOR CO GE4 = 108

l l
~ 1

CALCULATE
DCO AND DDO
(]
CALCULATE
GE2 AND GE4

=

CALCULATE

DMO = DMO ¢y

+0MO LOOP ON IJ
¥ (CONSTITUENT)

-t CONTINUE

FIGURE 14
(continued)
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‘-' :.-BI’O

!

COMPUTE INTENSITY FOR
'THIS SEGMENT AND ADD
IT TO PREVIOUS SEGMENT

1

END OF Do | LOOP ON »
LOOP ON J
[
INCREMENT S
BY AS
TINDEX = (0)
TWDNEW = (0)]

SUM FLUX FOR
THIS LINE OF
SIGHT (SUM 1)

Y

ACCUMULATE
WITH FLUX FROM
PREVIOUS LINES OF

SIGHT (SUM2)

"

INCREMENT ¢
BY A ¢

NO

¢ -INTEGRAL

COMPLETE?

FIGURE 114
(continued)




ACCUMULATE WITH
FLUX FROM
PREVIOUS
PHI'S (FLUX)

r

QUTPUT
ACCUMULATION
OF FLUX WITH
RESPECT TO

INCREMENT @
8y Ad

OUTPUT TOTAL
FLUX

QUTPUT
ELAPSED TIME

FIG. 14.
(continued)
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#0
REWIND
8

OUTPUT FLUX
SPECTRAL
DISTRIBUTION

B

FIG. 11.
(concluded)
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$04TA
1

0.543571%

H201(G(

7
540.

5.0
75.0
103.0
125.0
15J.0
175.0
202.0
225.0
250.0
275.0
300.0
325.0
352.0
375.0
403.0
425.0
45).0
475.0
50J.0
525.0
55J.0
575.0
607.0
625.0
653.0
675.0
702.0
725.0
752.0
775.0
80%.0
825.0
850.0
875.0
902.0
925.0
952.0
975.0
1003.90
1025.0
1057.0
1375.0
1100.0
1125.0
1157.0
1175.0
1203.0
1225.0
1250.0
1275.0
130%.0
1325.0
135).0
1375.0
1400.0

53703
2132(6¢ Cle
439
1380. 1300.

3.50£-01 1.03E-01
2.08E 00 3.65E-01
3.86Z 00 9.90E-01

6.508 00 2.01lE 00

8.25¢ 00 3.25¢ 00
8.70c 00 4.52E 00
8.10¢ 00 5.40£ 00
6.82% 00 6.00& 00
4.93% 00 6.228 00
3.16% 00 5.92E 00
1.99% 00 5.28E 00
1.13E 00 4.50E 00
5.85z-01 3.70E 00
2.93E-01 2.89€ 00
1.385-01 2.05€ Q0
6.202-02 1.43E 00
2.552-02 9.50€-01
9.40F-03 6.10€E-01
3.40£~03 3,.86E-01
1.053-03 2.36E-01
3.505=04 1.44E-01
1.26E~06 8.20E-02
4.30E~05 4.45E-02
1.502-05 2.426-02
5.106-06 1.27E-02
1.70E-06 6.30E-03
5.T70E=-07 3.00E~03
1.95€~07 1.40E~-03
6.80C~08 6.20E-04
3.85€-08 2.75E~04
5.70€E-08 1.13E~-04
1.13£E=07 5.00£~05
1.95:-07 2.30E-05
3.28£~07 1.03€~05
5.60E-07 4.60E-06
9.50E-07 2.05E-06
1.60E-06 1.40E-06
2.75€E~06 3.50E-06
4.70E-06 8.50€E-06
8.10E=06 2.15E-05
1.36E-05 5.70E-05
2.355-05 1.50E-04
4.00£-05 3.80E~-04
6.80E=05 9.50E~04
1.205-04 2.45E-03
2.002-04 6.20€-03
3.65E-04 1.48E-02
6.80E-04 3.30E-02
1.30E-03 6.35E~02
2.507-03 1.23E-01
5.00£-03 2.12E-01
1.03E<0272.85:-01
2.19¢-02 3.28E=-01
4.85%-02 3.45E-01
l.14E-01 3.61E-01

8

1{6( :

571

2720.
4.2)E=02
1.13E-01
3.00E-01
6.50E=-01
1.21E 00
1.89€ 00
2.61% 00
3.37¢€ 00
4.07€E 00
4.56E 00
4.79E 00
4.84E 00
4.71€ 00
4.43E 00
4.00E 00
3.47E 00
2.92E 00
2.36E 00
1.88E€ 00
l.45E 00
1,108 00
8.18E~01
5.98E=01
4.27E-01
2.94E-01
2.00€E~-01
1.34E-01
9.02€-02
5.90E-02
4.50€=-02
3.55E=02
2.89€-02
2.45E-02
2.14E=02
1.89€=02
l.74E=02
1.66E-02
1.65E=02
1.67E-02
1.75€=-02
1.88E=02
2.08E=0Q2
2.33E~02
2.68E~02
3.43€E~02
6.38E-02
1.07€-01
1.66E-01
2.44E~-0Q1
3.05€-01
4.07TE-01
4<89E~01
4.91E-01
505E=-01
5.38E-~01

AR3IAN
606

36) 0.

1l.14E-02
3.75€-02
1.04E-01
2.16€-01
4.158=01
7.65€-01
1.26€ 00
1.79€ 00
2.30€ 00
2.81E 00
3.28E 00
3.61E 00
3.83€ 00
3.94€ 00
3.96E 00
3.88€ 00
3.70€ 00
3.43E 00
3.10E 00
2.74€ 00
2.38 00
2.04€ 00
l.74E 00
1.45€ 00
1.18€ 00
9.52€~01
T.48E-01
5.80E~01
4.43E-01
3.30€-01
2.42€-01
1.76E-01
1.23€-01
1.00€-01
8.30E-02
7.30E-02
6.65€-02
6.30E-02
6.20E-02

6.30€-02'

6.75E-02
T.45€-02
8.65E~02
1.22€~-01
1.76E-01
2.51E-01
3.3JE-01
4.05€-01
4.595-01
4.T7E-01
S5S.47E-01
5.92E-01
5.58E-01
5.21E~-01
5e63E~01

FIG. 14 SAMPLE

4.302-03
1.95e~-02
S.TTE-02
1.28€-01
2.60E-01
4.50€~01
6.95€~01
1.01E 00
1.35€ 00
1.72€ 00
2.13E 00
2.49€E 00
2.84E 00
3.12€ 00
3.30€ 00
3.41E 00
3.45E 00
3.42€ 00
3.34€E 00
3.19€ 00
3.00€ 00
2.76E 00
2.485 00
2.22€ 00
1.95€ 00
1.69E 00
1. 46E 00
l.24€ 00
1.03€ 00
8.45€-01
6.95€-01
5.60E=01
4.50E-01
3.57€~01
2.78€-01
2.39E-01
2.11E-01
1.95€-01
1.90€-01
1.91€=-01
1.94E-01
2.02€-01
2.23E-01
2.60E-01
3.23€~-01
3.98E-01
4.58E-01
4.87€-01
4.81E-01
5.02€-01
4.99E-01
4.97€E-01
4.89€-01
4.77€-01
5.03€E-01

4390

3.00€-03
1.34€~02
3.65€-02
8.45E-02
1.68E-01
2.89€E-01
4.60E~01
6.79E-01
9.35E~-01
1.22€ 00
l.49€ 00
1.79€ 00
2.08€ 00
2.37€ 00
2.60E Q0
2.80E 00
2.95€ 00
3.04E 00
3.09€E 00
3.07€ 00
3.01E 00
2.89¢ 00
2.75€ 00
2.60€ 00
2.41E 00
2.21E 00
2.00E 30
1.78€ 00
1.56€ 00
1.36E 00
1.17€ 00
1.00E 00
8.55€E-01
T7.18E=-01
5.95€~01
4.92E~01
4.05€e-01
3.52E-01
3. le'ol
2.89E-01
2.81E=-01
2.83E-01
3.14€E-01
3.80E~01
4.56E~01
S.11E-01
5.42E-01
S.71E-01
5.52€=01
5.55€=01
5.22E-01
4.86E-01
4.85E~01
4.84E-01
5.02E~-01

INPUT

5+ 00.

1.9)E=03
6.70E-03
2.11&-02
5.29€-02
1.09€-01
1.93E-01
3.09e-01
4.54E-01
6.20E-01
8.22E~01
1.04E 00
1.28E 00
l.54€ 00
1.82E 00
2.07€ 00
2.29€ 00
2.48E 00
2.62E 00
2.73E 00
2.80€ 00
2.83¢ 00
2.82€ 00
2.77E 00
2.69€ 00
2.58& 00
2.45E 00
2.29c 00
2.13€ 00
1.96€ 00
1.77€ 00
1.59€ 00
l.43E 00
1l.26€ 00
1.11E 00
9.55E-01
8.25E-01
7.05E-01
6.00E-01
5.106-01
4.25E~01
3.58€=01
3.29€~-01
3.57e-01
4.49E-01
5.07€-01
5.68E~01
6.04E-01
6.32€E-01
6.37E~01
6.08E~01
5.78E~01
5.54E-01
5.37e-01
5.20E-01
S5«16E-01
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1425.0
1450.0
1675.0
1502.0
1525.0
1553.0
1575.0
1602.0
1625.0
1653.0
1675.0
1702.0
1725.0
1753.0
1775.0
1800.0
1825.0
1852.0
1875.0
1902.0
1925.0
1959.0
1975.0
2007.0
2025.0
2057.0
2075.0
2103.0
2125.0
2152.0
2175.0
2202.0
2225.0
225).0
2275.0
2303.0
2325.0
2353.0
2375.0
2402.0
2625.0
2453.0
2475,.0
2500.0
2525.0
2552.0
2575.0
2602.0
2625.0
2653.0
2675.0
2709.0
2725.0
2750.0
2775.0
2803.0
2825.0
2853.0
2875.0
2903.0
2925.0

2.49:-01
3.97£-01
4.,18:5=01
1.08Z 00
1.65: 00
l1.42¢ 00
4.51£~01
6.03:-02
5.01z-01
7.30:-01
1.49z 00
1.00¢ 00
8.02:-01
5. 80E-01
3.30:-01
2.50:-01
1.475-01
9.102-02
5.800~02
3.70:~02
2.442-02
l.62:-02
1.12:2~02
7.80:-03
5.40:-03
3.80:-03
2.60E-03
1.802-03
1.27¢-03
8.80:-04
6.20z-04
4.80:~04
4.05:-04
3.86E-04
3.85c-04
3.90:~04
4.00z-04
4.15:-04
4.30E-04
4.55E~04
4.85E~04
5.15t-04
5.50:-04
5.955~064
6.40E-04
6.80F-04
T.40E~04
T7.95E-04
8.555-04
9.10:-04
9.90E~04
1.06z=03
1.13%2=-03
1.22:-03
1.30E-03
1.456-03
1.59€-03
1.745-03
1.952«03
2.13L-03
2.38E-03

4.60E-01
5.69E~-01
6.27E-01
1.25z 00
1.55 00
6.75E~01
2.02E-01
5.388~02
2.52E-01
4.30E-01
5.06z~01
5.53E~01
6.58E=-01
5.27E~-01
4.03E-01
3.93E~01
2.49E-01
2.52E-01
1.58c-01
1.13£-01
1.08E-01
6.06E-02
4.25€-02
4.00E-02
3.52E-02
2.52E-02
l.79€=02
1.23E-02
8.50E-03
6.80E-03
4.00E-03
2.90E=-03
2.40E~03
2.00E=03
1.80E~03
1.60£-03
1.30E-03
1.405-03
1.40£-03
1.30£-03
1.30E-02
1.30E-03
1.30£-03
1.20E-03
1.20E-03
1.20€-03
1.30E-03
1.30E-03
1.30E-03
1.30E=-03
1.40£-03
1.40£E-03
1.50E-03
1.60E~03
1.70E~03
1.80€=-03
1.90E~03
2.00E=-03
2.10z-03
2.30E-03
2.50£-03

6.21c « «24%c=01
T.49E-01 7.68E~01
8.24E~01 8.49E-01
1.09E 00 9.40£-01
1.14€ 00 6.70E-01
5.39E~01 3.49E-01
1.37E-01 1.18E-01
8.63E-02 1.12E-01
1.37E~01 1.12E-01
2.50E-01 1.91£~01
3.12£-01 2.38E-01
4.41E=01 3.40€-01
5.28E=-01 4.11E-01
4.56E-01 3.78E-01
4.00E~01 3.56E-01
3.87E~01 3.42t-01
3.13E-01 3.18E-01
2.982-01 2.95E-01
2.14E-01 2.44E~-01
1.84E-~01 2.18E-01
1.56E~01 1.88£-01
9.76E-02 1.41E-01
9.03E-02 1.33E-01
T.65E-02 1.12E-01
6.20E~-02 8.T76E-02
4.70E~-02 7.05€-02
3.53E=02 5.46E~02
2.T0E~02 4.43E-02
1.99€-02 3.78E-02
1.48E-02 2.75E-02
1.04E=02 2.14E-02
8.75E=03 1.89E-02
6.65E=03 1.47E=-02
5.41E-03 1.19€-02
4.75E~03 1.06E-02
4.20E~03 9.20E-03
3.87€~-03 8.40E-03
3.598=03 7.68E~03
3.42E~03 7.064E-03
3.17E~03 6.46E-03
3.00E-03 5.91E-03
2.79E-03 5.36£-03
2.56E=~03 4.83E-03
2.24E=03 4.30E-03
1.99E~03 3.80E~03
1.51E~03 3.33E-03
1.58E~03 3.59E-03
1.70E-03 4.50E~-03
2.53E-03 5.68£-~03
3.24E~03 7.17€-03
3.06E-03 6.72E~03
3.19E~03 7.01E-03
3.42E~03 7.54E~03
3.98E~03 8.57E-03
4.13E-03 1.02E-02
4.13E=03 1.01E-02
4.36E-03 1.02E-02
5.12E=03 1.23E~-02
5.39E~03 1.31E-02
5.99E=03 1.47E-02
6.04E-03 1.55E-02

FIG. 14
(continued)

5.38E-01
5.81E-01
6.40E~01
8.07€E~01
5.62E~01
2. T6E=01
1.345-01
1.20E-01
1.31E-01
1.71E-01
2.10E-01
2.60E~-01
3.00E-01
3.22E-01
3.18E-~01
3.01E-01
2.91E-01
2.69E=-01
2.44E~-01
2.14E-01
1.95E=01
1.66E~01
1.48E-01
1.29E-01
1.10E-01
8.88E~-02
T.24E=02
6.08E-02
5.79E-02
4.49€-02
3.74E-02
3.29€E~02
2.71E=02
2.27€-02
1.91E-02
1.68E-02
1.50E-02
1.34E-02
1.22€E-02
l.11E=02
1.00E=02
9.13E~03
8.85€-03
8.80E-03
8.85E-03
9.04E=-03
9.87E~03
1.05E-02
1.12E~02
1.24E-02
1.33€E~02
1.37€~02
1.50E-02
1.67E~02
1.95€-02
2.14E-02
2.33E-02
2.6TE~02
2.94FE=02
3.27€~02
3.75€-~02

5.38E-01
5.65E-01
5.94E~01
6.63E-01
4.83E-01
2.63E-01
1.56E-01
1.256-01
1.35€-01
1.70E-01
2.01E-01
2.20€-01
2.40E-01
2.83E~01
2.70E-01
2.75E-01
2.68E-01
2.53g-01
2.45E-01
2.18E~01
2.00E=01
1.79€-01
1.56E-01
1.37e-01
1.18E-C1
1.00E=-01
8.285-02
6.86E~02
6.40E=02
5.21E-02
4.53E-02
4.03E-02
3.45E-02
2.99E-02
2.61E-02
2.32E-02
2.10E-G2
1.89E-22
1.71E=02
1.576=02
1.46E=02
1.45E-02
1.45E-02
1.55€=-02
1.65€-02
1.76E=-02
1.93E-02
2.06E-02
2.14E-02
2.31E-02
2.53E=02
2.69E=02
2.99E~02
3.10E-02
3.46E=02
3.70E~02
4.10E-02
4.34E-02
4.93E=-02
5.23E-02
6.03E~02

5.14E-01
5.18E~01
5.30E-01
5.256=01
4.30E-01
2.77E-01
1.73£=-01
1.10E-01
l1.11E~01
1.35E~01
1.56E-01
l.73€-01
1.91E-01
2.09%=01
2.26E~-01
2.42E~01
2.50E-01
2.47E~01
2.38E~-01
2,22E-01
2.06E-01
1.85F-01
l.6¢ =01
l.4” =01
1.2 E=-01
le11E~O1
9.60E-02
{ .40E-02
T.25E-02
6.28E~G2
5.30E~02
4.55=02
3.98E-02
3.50E=02
3.12E-02
2.90E-02
2.75€~02
2.6TE=02
2.59E~02
2.52E-02
2.51E-02
2.49E-02
2.47E-02
2.48E-02
2.49E=02
2.51E~02
2.53E~-02
2.58E~02
2.63E-02
2.TOE-02
2.80E~02
2.95€-02
3.18£-02
3.43E-02
3.78E-02
4.17E-02
4.59E=02
5.00E=02
5.50E=02
6.02E-02
6.65E~02
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2950.0
2975.0
3002%.0
3025.0
305J3.0
3375.0
3102.0
3125.0
315%.0
3175.0
3202.0
3225.0
3250.0
3275.0
330%.0
3325.0
3353.0
3375.0
3400.0
3425.0
3455.0
3475.0
3507.0
3525.0
3550.0
3575.0
3500.0
3625.0
3650.0
3875.0
3703.0
3725.0
3750.0
3775.0
3800.0
3825.0
3850.0
3875.0
3902.0
3925.0
3952.0
3975.0
4003%.0
4025.0
+0%53.0
4J75.0
4103.0
4125.0
#153.0
«17%.0
4200.0
4225.0
425).0
47540
%300.0
+325.0
4350.0
4375.0
440J.0
4425.0
4453.0

2.608-03
2.825-03
2.95£-03
3.107-03
3.40:2-03
7.30£~03
9.00:-03
1.00:-03
6.40%-04
1.603-03
3.30:-03
4.10:-03
4.10:-03
2.90:-03
2.20:-03
2.20:-03
2.505-03
3.10;%03
4.205+03
6.00:-03
9.40:-03
1.65:-02
3.607-02
7.202-02
1.33:-01
2.15:-01
3.187-01
4.42£-01
4.735-01
5.682-01
3.283-01
6.17€-01
1.81C 00
1.36€-01
4.557=01
7.602-01
8.363-01
8.40€~01
5.05%-01
1.172-01
4.60c-02
1.83¢-02
7.30£-03
3.108-03
1.408-03
6.40:~064
3.305=04
1.535-04
7.202-05
3.45:-05
1.65:-05
7.70%-06
3.656-06
1.702-06
8.20:~07
3.75€-07
1.80:-07
8.90t~08
4.20E-~08
2.00E-08
1.00:-08

2.70£=-03
3.00E-03
3.30¢-03
3.70E-03
4.00E-03
4.50E-03
4.80E=03
5.10€=03
5.50£-03
6.00E=-03
7.00£-03
8.60c£~03
1.03€E~-02
1.29€-02
l.61£-02
2.12E-02
2.85£~02
3.85€~02
5.40E-02
7.70€-02
1.17E=-01
1.73E~01
2.58E=-01
3.758-01
4.01E-01
5.00e~-01
4.50E=01
4.002-01
4.05E~-01
5.01E-01
7.08E=01
8.312-01
l.96£-01
l.24E-01
2.98E=901
5.03E=-01
5.84E-01
7.28c-01
5.00E-01
4.00E-01
3.00£-01
2.05¢-01
1.35E-01
7.90&£-02
4.15C-02
1.97E=02
8.60€=03
3.60£-03
1.50€-03
6.402-04
2.60€E~04
l.12€~04
4.80E-05
2.10E-05
9.00E~06
3.80E-06
1.65£=06
7.20E-07
3.00£-07
1.30E-07
5.70E~-08

6.53E~03 1.68£-02
8.08E-03 2.12E-02
9.57E=-03 2.44E-02
1.03€-02 2.73E-02
1.108-02 3.01E-02
1.42E-02 4.00E-02
1.60€E-02 4.60€~02
1.79E=02 5.40E-02
1.90E-02 5.98BE~02
2.39€-02 7.95£-02
2.35E=02 9.14E-02
3.59€-02 1.05E-01
4.39E-02 1.25E-01
5.29E=02 1.4T7E-01
6.38E-02 1.71E~0L
7.93€=-02 2.01E-01
1.03E-01 2.40E-01
1.29€=-01 2.72E-01
1.65€-01 3.09&-01
2.09E=01 3.43€-01
2.81E-01 3.72E-01
3.31€-01 3.85&-01
3.84E-01 3.93[-01
4.40E=-01 4,09E-01
4.48E=-01 3.90€-01
4.14E-01 3.41E-01
3.59E=01 2.86£-01
3.61E-01 2.79E-01
3.51E-01 2.81E£-01
4.23€~-01 3.15E-01
6.425=01.4.32€-01
5.57€-01 3.20E-01
1.45€=-01 1.21£-01
1.20€-01 1.19&-01
1.95€-01 1.29E-01L
2.88E8=01 l.54E~-01
3.405=01 1.84E-01
4.22E-01 2.36E-01
4.01E~01 2.76E-01
4.03E=-01 3.15E-01
3.27E~01 2.90L~-01
2.44E-01 2.35E-01
1.70E-01 1.79€-01
1.05€=01 1.24€-01
6.125=02 8.86E-02
3.42E-02 5.94E-02
1.79€=02 3.41E~02
1.01E=02 2.22E-02
6.78E~-03 1.56E-02
3.99~03 1.30E-02
2.75E=03 1.04E-02
1.62€=03 7.75E-03
1.l0E=03 6.53E~03
8.66E~04 6.44E-03
6.TLE~04 6.18E-03
4.26E~04 4.66E-03
3.815=04 4.86E-03
1.98€-064 3,.74E~03
1.81E=04 3,53E-03
1.05E=04 2.90E-03
7.45E-05 2.68E-03

FIG. 14,
(continued)

4. 14E-02
4.82E5-02
4.9TE=Q2
6.00E=02
6.62E~02
8.47E-02
9.28E=0Q2
1.09€=-01
1.14E-01
1.36E-01
1.53E-01
1. 74E=01
1.94E-01
2.20E-01
2.37E-01
2.68€=-01
2.95E=01
3.12E-01
3.29€-01
3.32€-01
3.44E-01
3.53¢€-01
3.15€E-01
2.94E=01
2.81€E~01
2.54E-01
2.45E-01
2.33£-01
2.38€~01
2.43€E-01
2,68E-01
1.94E-01
l.24E-01
1.15€~01
1.23€-01
1.29€~-01
L.61E-01
1.97€~-01
2.27€E=01
2.43E=-01
2.30E-01
1.95€-01
1.59E-01
1.242-01
1.03€-01
8.01E=-02
5.03E-02
3.54E-02
2.58€-02
2.26E-02
1.70€E-02
l.32E-02
1.09€-02
9.33E~03
8.34E~-03
T.36E-03
7.09€-03
6.68E~03
S5.96E-03
5.93E=03
5.84E-03

6.69E-902
T.73E=02
T.69E-02
9.13€=-02
9.72E-02
1.09€-01
1.19€=01
1.35€-01
l.49€~01
1.69E=01
1.85€E~01
2.09€-01
2.28E-01
2.54E=01
2.63E=01
2.83E=01
2.95E=01
3.01E-01
3.07€-01
3.14g-01
3.03€E=-01
3.00€=01
2.88E-01
2.T1E=OL
2.57E=01
2.30E~-01
2.19€=-01
2.16E~01
2.19€=91
2.18E=01
1.89€=-01
1.23E-01
1.07E-01
1l.15€-01
1.12-01
1.27€=-01
1.46E=01
1.67€=01
1.92€=01
2.02€=-01
2.02E=-01
1.92€=-01
l.68E=01
1.34E-01
1.06€E-01
8.79€-02
6.10E~-02
4.61E~02
3.36E=02
2.94E~02
2.34E-02
le972=02
1.66E=02
1.41E-02
1.22E-02
1.12E-02
1.05€=02
1.03E-02
1.00€=02
9.83E-03
9.91E-03

T«.35E=92
8.C1E=02
8.85E=-02
9. 70E~02
1.76E=-01
1.17€~01
1.298-01
1.42E~01
1.55£-01
1.70€~01
1.87€=01
2.02€E-01
2.20€-01
2.41E=-01
2.62€=-01
2.80E=01
2.93€E~01
3.02E=01
3.08€E-01
3.00&-01
2.90E-01
2.72E=01
2.65E~01
2.41E-01
2.228-01
2.08E-01
Z2.01E-01
2.10€E~-01
2.13€-01
2.00E-01
1.50€-01
1.13€-01
1.08€E-01
1.09E~01
1.22E-01L
1.36E-01
1.54E-01
1. 77€E~-01
1.97E8-01
2.09E-01
2.07E=-901
1.90€-01
l.61E=01
1.32E-01
1.04€-01
8.60E-02
7.10€E-02
5.98E~02
4.99E-02
4.18€-02
3.48E-02
2.87E-02
2.36E-02
1.89€-02
1.50&-02
1.26E-02
1.19€-02
1.18€~-02
1.23E~02
1.28E-02
1.34E-02
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4475.0
4502.0
4525.0
4550.0
4575.0
4603.0
4625.0
4653.0
4675.0
4700.0
4725.0
4752.0
4775.0
480%.0
4825.0
4850.0
4875.0
490).0
4925.0
4957.0
4975.0
$0023.0
502%.0 -

®5053.0
5075.0
5107.0
5125.0
5153.0
5175.0
5205.0
5225.0
5259%.0
5275.0
5307.0
5325.0
5352.0
5375.0
5400,0
56425.0
5653.0
5675.0
5502.0
5525.0
5552.0
5575.0
5605.0
5625.0
5655.0
5675.0
5703.0
5725.0
5750.0
5775.0
5800.0
5825.0
5852.0
5875.0
590%.0
5925.0
5951.0
5975.0

4.00E-09
2.00E=-09
1.002-09
4,005-10
2.005-10
1.00E~10
1.00£-10
1.00:-10
3.00£~-10
9.00:-10
2.00:£-09
5.00z-09
1.00£-08
2.506-08
6.305-08
1.656~-07
4.15c-07
1.07F =06
2.750=06
6.705=06
1.657-05
4.20.-05
1.15:-04
3.20:~04
8.20:I-06
2.00z-03
4.30:-03
9.00E~03
1.80:-02
3.48:-02
7.18:~02
1.11=-01
3.29:-02
2.81:-02
1.21:-01
1.392~01
Te747-02
8.58r~02
9.85.-02
9.96.~-02
6.807-02
3.25%-02
1.503-02
6.20i-03
2.70{-03
1.13c~03
4.60E-04
1.855~04
6.602-05
2.70€~05
1.102-05
4.557=06
1.887~06
6.70F=07
3.25.-07
1.30E-08
5.80i =09
2.30°-09
1.00:~-09
4.00Z-10
1.50¢-10

2+.50E~08
1.10E-08
5.00E-09
5.502-09
l.10E-~08
2.30E=~08
4.70E-08
1.00e-07
2.10E~07
4+.30E=-07
8,B0E=07
1.75e=-06
3.70E-06
7.50E~06
1.53£~05
3.15g-05
6.30E~05
1.45E-04
2.90E~04
6.00c=-0%
1.45E-03
2.90E-03
5.30:2-03
8.60£-03
1.30e-02
1.98&£-02
2.82E~02
3.90:c~-02
4462202
7.10£-02
5.90E-02
3.68z=-02
2.85€-02
2.70£-02
4.22E-02
1.05C-01
7.10F~02
4.83z-02
5.75c=-02
6.82e-02
6.80c-02
5.205=-02
3.50e-02
2.38:-02
1.58:z~-02
1.01E-02
5.90:-03
3.10e-03
1.305-03
4.00E-04
5.50E~05
1.45c-05
1.68c-05
1.91£-05
2.20E-05
2.50E=-05
2.88E~-05
3.30F 7
3-75L s

4430E-u.
4.95:=-05

6.35E<05 3,16E-03
3.95E=-05 2.64E-03
2.44E-05 2.01E-03
2.17€~05 2.19E-03
3.02E=-05 2.30&-03
4.39E~05 2.59E-03
5.73E=-05 2.85E~03
T.77E-05 2.90E-03
1.15E~04 3.84E-03
L. 62E=04 4.28E-03
2.60E-04 S.6TE~03
4.06E-04¢ 8.29E-03
7.83E-04 1.02E-02
6.66E-04 1.21E-02
1.50E-03 1.76E~02
2.33E-03 2.23E-02
3.62E~03 2.97E~02
4.755-03 3.21€E-02
6.72E~03 3.54E-02
8.57E-03 3.82E-02
1.26E-02 4.17E-02
1.76E-02 4.67€-02
2.28E-02 4.99E-02
2.8645-02 5.28&-02
3.54E~02 5.5%9E-02
4<15E=02 S5.57E-02
4.25E-02 4.95£-02
4.53E-02 4.49E~02
4.28E-02 3.91E-02
4.465-02 3.60£-02
4.29€~02 3.60:-02
3.465~02 3.69c-02
3.47E=02 4.23E-02
3.93E-02 5.05E-02
5.52E~02 5.98E~02
8.50E-02 6.87E-02
6.42E-02 6.18F~02
5.24E-02 5.47E-02
5.53E-02 5.10E-02
5.66F=02 4¢.89E-02
5.82E-02 4.95£-02
5.18E=02 4.83E~02
4.31E=02 4.64E-02
3.42%-02 4.08E-02
2.57E-02 3.39€-02
1.83E-02 2.63C~02
1.297~02 2.0b6E-02
B.72E~03 1.61:5~02
5.42E-03 1.24E-02
3.07TE=03 9.34E-03
1.415-03 7.35E-03
7.57E-04 5.92E-03
6.21E=04 4.65E-03
4.T76E-04 3.21E-03
4.50E=04 2.50E-03
4.27E-04 2.23E-03
3.59E~04 1.56C-03
3.82E~04 1.89E-03
. 44T-04 1.55E~03
3.16E~04 1.31E~03
3.005~04 1.48E~03

FIG. 414
(continued)

6.43E~03
6.03E~03
6.13E-03
6.TTE~03
1.55E~-03
T.94E-03
8.28E~03
9.80E=03
1.05€=-02
1.19E-02
1.39E-02
1.66E~02
1.86E~02
2.29E-02
2.58E~-02
3.02E-02
3.58£-02
4.17€-02
4.50€E-02
4.925-02
5.03E=-02
5.20E-02
5.23E-02
5.13E~02
5.00E~02
4.80E-02
4.51E-02
4.302-02
4.035-02
3.84E~-02
3.76E=02
4.09E=02
4.61E~02
5.29€E-02
5.72E-02
5.93E-02
5.56E-02
5.03E~02
4.51€E-02
4.54E=-02
4.60E-02
4. 49E-02
4.52E~02
4.14E-02
3.66E~02
3.03E=-02
2.47E=02
2.03E-02
1.66E~02
1.30E-02
1.02E-02
8.01E~03
6.11E-03
4.52E-03
3.44E-03
2.93E-03
2.36€E-03
2.70E-03
2.875=03
3,00E-03
3.02E-03

1.01E-02
1.06E-02
1.164E~02
1.21E-02
1.30E-02
1.41E=02
1.54E-02
1.80E~02
2.13€-02
2.43E-02
2.76E~02
3.13E-02
3.41E-02
3.T8E~02
4.04E=02
4.30E-02
4.59E-02
4.93E-02
5.07E~02
5.27E-02
5.23E~02
5.26E-02
5.108~02
4.92E-02
4. 69E=02
4.52E-02
4.305-02
4. 23E=02
4.15E-02
4.14E=02
4.20E-02
4.54E-02
4.82E-02
5.11E~02
5.44E~02
5.60E-02
5.34E-02
4.95E8-02
4.49E-02
4.46E-02
4.5BE=02
4.54E=02
4.49E-02
4.17E=02
3.84E-02
3.33E-02
2.86E=02
2. 44E=02
2.07€-02
1.76E-02
1.4BE=02
1.23E-02
1.05€-02
B.B4E~03
7.50E-03
6.50E~03
6.20E~03
6.51E-03
6.80E-03
7.07E-03
7.21E-93

1l.42E-02
1.51E~02
1.62E-02
1.73E-02
1.87g=-02
2.02E-02
2.23E-02
2.46E-02
2.T0E~-02
3.00€-02
3.38E~02
3.70E-02
3.99E=-02
4,22E-02
4.40E-02
4.58E~02
4.65E~02
4.7T3E-02
4.T8E-02
4.T8E-02
4.T73E-02
4.60E-02
4.4TE-02
4.30e-02
4.15€=-02
4.00E~02
3.90E~G2
3.85E~02
3.93E-02
4.05E-02
4.18E-02
4.34E-02
4.50E~02
4.62E~02
4, T0E~02
4.80E-02
4.78E-02
4.60E-02
4.25E-02
4.00E~0Q2
4.058~02
4.18g=02
4.38E-02
4.20E-02
4.00E-02
3.60E~02
3.20E~02
2.80E~02
2.50E-02
2.20E~-02
1.90&-02
1. 70802
1.50E~-02
1.308~02
1.20E-02
1.05E=02
9.80€E-03
9.40E~-03
9.30E~03
9.25E-03
9.30E~03
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6009.0
6025.0
6050.0
6075.0
61002.0
6125.0
6150.0
6175.0
6200.0
6225.0
6252.0
6275.0
630.0
6325.0
6350.0
6375.0
6402.0
6425.0
6452.0
6475.0
6500.0
6525.0
6552.0
6575.0
6600.0
6625.0
6652.0
6675.0
6705.0
6725.0
6750.0
6775.0
6802.0
6825.0
6850.0
6875.0
6903.0
6925.0
6953.0
6975.0
7000.0
7025.0
7052.0
7075.0
7102.0
7125.0
7150.0
7175.0
7200.0
7225.0
7250.0
7275.0
7300.0
7325.0
7353.0
7375.0
7409.0
7425.0
7452.0
7475.0
7500.0

5.00E=10
2.00E~10
4.005-10
6.00t~10
1.00&£~09
1.80£-09
3.30:-09
6.002-09
1.002-08
1.85£-08
3.25&=08
5.60E-08
1.00£-07
1.80£-07
3.25e~07
5.70£-07
1.02:5-06
1.80£~-06
3.20:-06
5.802~06
1.022-05
1.80z-05
3.252-05
5.70%~-05
1.00E~04
1.70€-04
3.20:-~04
6.00:-04
9.002-04
1.21£-03
1.525-03
1.85:-03
2.20:-03
2.55£-03
2.90c-03

3.20E-03"

3.60t-03
4.00£-03
4.60:-03
5.30£-03
6.20£~-03
T7.60c-03
9.80:-03

1.327-02

1.90:-02
2.405-02
2.88:-02
3.23:£-02
5. TO0E-02
2.16c=01
1.267=01
1.178=02
1.40£-02
4.,25£-02
6.402~-02
3.85:-02
1.825=-02
1.70:-02
l.61E-02
l.45€-02
9.00E-04

5.60E-05
6.45E£-05
T.35E=-05
8.50E=-05
9.65£-05
1.13€E~04
1.28E=04
1.475-04
1.67E-04%
1.91E=-04
2.20E-04
2.50E=04
2.85E=04
3.30E~04
3,80E-04
4.30E-04
4.95£=-04
5.65E~04
6.50E~04
1.45€-04
8.405=04
9.80€-03
1.10E=03
1.30£=-03
1.50€-03
1.70€-03
1.90£-03
2.20€E-03
2.50€E=03
2.80E-03
3.30E-03
3.70E=-03
4.30E-03
5.00E-03
5.80c=03
6.70€=03
8.80£-03
9.20E-03
1.08E-02
1.28E-02
1.52€-02
1.82€-02
2,22E-02
2.71E£-02
3.35£~-02
4.32E-02
5.70E=-02
7.40E-02
8.90£-02
6.80€E-02
4.75E-02
3.69E-02
3.70E-02
4.18E-02
4.60E-02
3.85€E-02
1.79€-02
8.10£-03
3,70€-03
1.70E-03
1.40£-03

2.74E-04 1.12E-03
2.58E=04 1.05E-03
2.30E=-04 7.92E-064
3.,40E=04 1.32E-03
4.40E-0% 1.81E-03
5.09€-0% 1.52E~03
6.19€=04 1.84E-03
6.93E=06 1.97E-03
8.27E=-04 2.72E-03
9.79E=-0%4 3.58E-03
1.156=03 4.43E-03
1.21€-03 4.40E-03
1.26€E-03 4.58E-03
1.41E=03 5.58€-03
1.44E=03 5.02£-03
1.536=03 4.43E~03
1.93E-03 S.03E-03
2.49E~03 7.89€E-03
2.63E-03 6.27E~03
3.08E=03 7.44E-03
3,21E-03 8.41E-03
6.94E-03 8.86E-03
3,876-03 1.07E-02
4.,27E-03 1.08E-02
5.98E€=03 1.32E-02
6.12E-03 1.40E-02
6.20E=03 1.43E-02
6,816-03 1.525-0

8,38E-03 1.72E-02
8.85€~03 1.82E-02
1.01E-02 1.96E-02
1.056=02 2.02E-02
1.19€6=02 2.18€-02
1.396=02 2.39€-02
1.59€-02 2.70E-02
1.67E=02 2.81E-02
1.84E=02 2.84E-02
1.97E-02 2.99E-02
2.26E=02 3.26E-02
2.53E~02 3.44E-02
2.83E=02 3.60E~02
2.90€=-02 3.51E-02
3.326-02 3.75E-02
3.59E-02 3.60€-02
3,89€-02 3.52E-02
4,115=-02 3.35E-02
4.54E-02 3.22E-02
4.66E=02 3.01£-02
4.65€-02 2.80E-02
4.038=02 2.62E-02
3.69€=-02 2.68E-02
3,72€-02 3.00E-02
3.98E-02 3.29£-02
4.32E=02 3.56E-02
4.36E~02 3.51E-02
3.82E-02 3.04£-02
2.60E=02 2.59E-02
1.626-02 1.98E~02
9.87€-03 1.50E~02
6.16E~-03 1.13€-02
4,72E-03 8,22E-03

FIG. 14
(continued)

3.14E~-03
3.38€E-03
3.50€E-03
3.72E-03
3.95€-03
4.17E-03
4.78E-03
5.)8E-03
5.44E=03
5.93€~03
6.49€E~03
7.11€E-03
T.51E-03
8.,10€-03
8.74E-03
9.62E=03
1.00E=-02
1.08E=-02
1.14E~-02
1.25E-02
1.39€-02
1.48€E~02
1.55E=02
1.69E~02
1.78€E=-02
1.90E~02
2.02E~02
2.128=02
2.22E=02
2.32E-02
2.40E-02
2.55€=02
2.66E-02
2.80E-02
3.06E-02
3.24E=-02
3.29€~02
3.33€-02
3.48E£-02
3.40E=-02
3.35€~02
3.32€E-02
3.272=02
3.12E-02
3.01E~-02
2.80E=-02
2.54E-02
2.37€=0Q2
2.20E-02
2.12E-02
2.14€E-02
2.41E-02
2.68E~02
2.96E=02
3.,07€-02
2.62E-02
2.16E-02
1.76E-02
l.%4E=~02
1.18€=-02
8.24E-03

7.40€-03
T7.49€=03
T.61E-03
T.79E=-03
T.91E=03
8.14€-03
8.53E~03
8,.98E-03
9.44E~03
1.00E=02
1.07E=02
1.13€E~02
1.20€-02
1.28E-02
le33E-02
1.42E-02
1.51€=02
1.58€=-02
1l.67E=02
1. 7TTE=02
1.85€-02
1.97E=-02
2.07E-02
2.17€~02
2.27€=-0Q2
2.37€=02
2.49E-02
2.60E=02
2.68E=02
2. T4E=02
2.80E=02
2.88E-Q2
2.95E-02
3.01E-92
3.12E-02
3.23E=-02
3.27€~02
3.30E-02
3.34E~-02
3.27E-02
3.19€~02
3.10€=02
2.99€~-02
2.84E-02
2.79€=02
2.61E-02
2.39€-02
2.19E=02
2.00E~02
1.93E-02
1.96E=02
2.09€E=-02
2.29€-02
2.52E-02
2.65E-02
2.33E=02
1.95E=02
1.67E~02
1.42E-02
1.18€-02
8.74€-03

9.50E=-03
9.70€-03
1.00E-02
1.03E-02
1.0SE-02
1. 10E-02
l.13E-02
1.19€-02
1.25€~02
1.30E-02
1.35€-02
1.43E=-02
1.50€=-02
1.57E-02
1.64E~02
1.72E=02
1.80E-02
1.91E=02
2.00E-02
2.11E=02
2.22E-02
2.33€-02
2.44E=02
2.556=-02
2.67E=02
2.76E~02
2.87€-02
2.96E~02
3.05E-02
3.136-02
3.20E~-02
3.29€-02
3.35€-02
3.398=02
3.43E-02
3.45E=02
3.43€-02
3.41E-02
3.39€-02
3.33€-02
3,25E-02
3.13E=02
2.99E-02
2.83E-02
2.63E=-02
2.43E-02
2.23E-02
2.08€=02
1.99€6-02
1.90E-02
1.87€=-02
2.00€=02
2.24€-02
2.43E-02
2.60E-02
2.608-02
2.40E-02
2.10E-02
1.80€~02
1.50E=-02
1.20E-02
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7525.0
7553.0
7575.0
T7602.0
7625.0
765040
7675.0
7700.0
7725.0
7753.0
T775.0
7800.0
7825.0
7850.0
7875.0
7900.0
7925.0
7950.0
7975.0
8000.0
8025.0
8055.0
8075.0
8102.0
8125.0
8150.0
8175.0
8200.0
8225.0
8253.0
8275.0
8300.0
8325.0
8350.0
8375.0
8400.0
8625.0
8453.0
8475.0
8500.0
8525.0
8550.0
8575.0
8603.0
8625.0
8655.0
8675.0
8730.0
8725.0
8750.0
8775.0
8800.0
8825.0
8850.0
8875.0
8903.0
8925.0
8950.0
8975.0
9000.0
9025.0

0.00t=-39
0.00:-239
0.00e-39
0.00:~39
0.00:+-39
0.00%~39
0.00%=39
0.00£-39
0.00:-39
0.008-39
0.007~39
0.00z-39
0.00t-39
0.00:~39
0.00£-39
0.00£-39
0.00:-39
0.00:~-39
0.00:-39
0.00£-39
0.00:-39
0.00:5-39
0.00.:-39
0.00:~39
0.00:-39
0.002-39
0.06:z-39
0.00%~39
0.00:~39
0.00%-39
0.00:-39
0.002-39
0.00:=-39
0.00z~39
0.00:~39
0.00£-39
0.00c-39
0.00c~39
0.00:-39
0.00:-39
0.00:~39
0.007=39
0.00:-39
0.00:~39
0.00:=-39
0.00:-39
0.00:-39
0.00c-39
0.00:~39
0.00&=39
0.00L=-39
0.00L~39
0.008=-39
0.00c-39
0.00£-39
0.00E~39
0.00€E~39
0.00&-39
0.00z-39
0.00z-39
0.00E~39

1.00E~03
T.60E~0¢
5.60E~04
4.10E-04
3.00E~-04
2.30E~04
1.70E-04
1.20E-04
9.00E-05
6.60E-05
4.90E-05
3.60E~05
2.60E-05
1.90E~05
1.45E-05
1.65E~05
1. 72E-05
1.80E-05
1.90&£=-05
2.00€=-05
2.10€-05
2.20E-05
2435c~05
2.45L£-05
2.60e-05
2.70z-05
2.85E-05
3.00E=-05
3.15£-05
3.30€E-05
3.50€-05
3.70£-05
3.90E-05
4.10E-05
4.30E~-05
4.50E-05
4.,10E~05
3.70E-05
3.40E-05
3.10E=-05
2.85E~05
2.10E~05
2.40E-05
2+.20E-05
2.00E~05
1.80E~05
1.75€E~-05
1.50E-05
1.40E-05
1.25E~05
1.15E~05
1.05E-05
9.60E-06
8.8B0E-06
8.00E~06
T7.40E-06
6.70E=-06
6.10E~06
S.60E=-06
5.10E~06
4.T0E-06

2.72E=03 4.
2.128-03 3.
1.50E-03 2.
9.98E=04 1.
7.43E~04 1.
6.23E~04 1.
5.31E=04 9.
3.41E-04 8.
2.69E-04 6.
1.77€=04 3.
1.46E-04 3.
1.06E~04 4.
9.00E-05 3.
7.84E-05 3.
5.70E-05 1.
6.02E=05 2.
5.64E-05 1.
6.21E-05 1.
6.65£-05 1.
6.87E-05 1.
8.15E-05 2.
9.87E=-05 4.
1.15E=04 5.
1.17E~04 4.
1.43E=D4 5.
1.33E~04 4.
1.68E=04 7.
1.81E~04 1.
2.14E-04 1.
2.055-04 9.
2.628-04 1.
2.30E-04 1.
2.40E-04 1.
2.48£-04 1.
2.82E~04 1.
3.06E-04 1.
3.03E~04 1.
3.27E~04 1.
3.11E~04 1.
2.85E-04"1.
2.98E-04 1.
2.75E-04 1.
2.72%-04 1.
2.565-04 1.
2.62E-04 1.
2.48E-04 1.
2.18E-04 1.
1.995-04 1.
2.01E-04 1.
1.99E-04 1.
1.67E=04 1.
1.70E~04 1.
1.54E-04 1.
1.515-04 1.
1.51E~04 9.
1.215-04 9.
1.25E-04 8.
1.16E=D4 7.
1.00E~D4 6.
8.65E-05 5.
6.96E~05 3.

FI6.

99£-03

57€-03
45€-03
90E-03
36E-03
01E~03
50E-04
50E-04
STE-04
43E-04
67E-04
0DE-04
63E-04
09E-04
89E-04
30E-~04
89E-04
91E~04
97E-04
96E-04
88E-04
21E-04
10€-04
20£-04
29E-04
94E~04
T5E-04
08E-03
21£-03
20E-04
60E-~03
17E-03
03£-03
03E-03
40E-03
60E-03
35E-03
56E-03
48E-03
41E-03
48£-03
52E-03
42E-03
41E-03
59E-03
43E-03
38E-03
29€-03
25E-03
23E-03
17€-03
14E-03
08£-03
00E-03
79E-04
18E-04
SBE-04
42E-04
26E-04
01€-04
092-04

14.

(continued)

5. 76E~03
4.01€-03
3.23€E-03
2.57€~03
2.12E-03
2.71E=-03
2.02E-03
1.33€-03
1.78E~03
1.56E-03
1.48E=-03
1.59E-03
1.602=-03
1.47€-03
1.35~03
1l.41E-03
1.48E~03
1.64E~03
1.66E-03
1.52E~03
1.78E-03
1.89E-03
2.32E-03
2.49E=03
2.43E-03
2.29E-03
2.59z~03
2.76£-03
3.04E-03
2.92E~03
3.42E~03
3.62E-03
3.52E~03
3.64E~03
3.84E~-03
3.97e~03
3.86E-03
3.94E~-03
3.88E-~03
3.69€E-03
3.67€E-03
3.69E-03
3.65E-03
3.64E~-03
3.80€~03
3.61€~03
3.55E-03
3.39E-03
3.33E-03
3.21E-03
3.07€E-03
2. 96E-03
2.87TE-03
2.69E-03
2.58E-03
2.44E~03
2.27z=03
2.08E-03

‘1.88E~03

1.62E-03
1.28E~03

6.428~03
4.T72E~03
3.60£-03
2.78E-03
2.21E-03
2420E~D3
1.80E-03
1.93E=03
1.94E=-03
1.96E-03
1.95€=-03
2.60E-03
2.59E-03
2.49E-03
2.44E~-03
2.59€E-03
2.68E-03
2.80E=-03
2.84E=03
2.93E-03
3.14E-03
3.30£~-03
3.51E=03
3.34E£-~03
3.46E-03
3.53E-03
3.66E~03
3.81€-03
3.87e=03
3.93E~-03
3.43E=03
4.28E-03
4.35E=-03
4.49E-03
4.59E-03
4.60E-03
4.58E-03
4.576-03
4.55E-03
4.40E-03
4.36E-03
4.34E-03
4033E-03
4.25E-03
4.24E=03
4.13E~03
4.07E-03
3.86E-03
3.76E-03
3.60£~03
3.43E-03
3.27E-03
3.15E-03
2.97E=03
2.81E-03
2.65€£=-03
2.48E-03
2.32E~03
2.15E-03
1.92E~03
1.64E-03

8.00E-03
6.00E~03
5.00E~03
4.20E~03
3.70£-03
3.40€-03
3.208~03
3.00E-03
2.90£-03
2.90E~03
2.91E-03
2.95€-03
3.00€~03
3.03E-03
3.10E-03
3.20€-03
3.30E-03
3.40E-~03
3.55&~03
3.65E~03
3.80E-03
4.00E~03
4.10E-03
4.20E-03
4.402-03
4.572-03
4.68E~03
4.79E~03
4.85E~03
4.90E-03
4.99€~03
5.00E~03
5.01€~03
5.02E-03
5.01E-03
$.00E-03
4.99E-03
4.95E-03
4.90€~03
4.80E-03
4.75E~03
4.63E~03
4.55E-03
4.43E-03
4.33E-03
4,205~03
4.08E~03
3.95£-03
3.80E~03
3.67E~03
3.51E~03
3.38E-03
3.23E-03
3.10€E-03
2.95E-03
2.80E~03
2.68E~03
2.53E-03
2.40€~03
2.38E-03
2.18g-03
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9050.0
9075.0
9102.0
9125.0
9150.0
9175.0
9200.0
9225.0
9250.0
9275.0
9307.0
9325.0
9350.0
9375.0
9400.0
9425.0
9450.0
9475.0
9500.0
9%25.0
9550.0
9575.0
9600.0
9625.0
9650.0
9675.0
9700.0
9725.0
9750.0
9775.0
9800.0
9825.0
9850.0
9875.0
9900.0
9925.0
9950.0
9974.0
10000.3
10025.2
10050.0
10075.9
10100.2
10125.2
10150.0
10175.2
10200.9
10225.2
10250.2
10275.)
10300.
10325.0
10350.0
10375.0
10400.9
10425.0
10450.0
10475.0
105002
10525.9
10550.3

0.005-39 4.30E-06 6.46E~05 2.79E-04 1.14E-03 1.49E-03 2.07€E=03
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1975.0360
2000.0500
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2050.0200
2075.0200
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3375.0700
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2.5530
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1.2250
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1.5570
1.6995
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14.4900 107.1710 400.80001350.03133324.32877015.0000
14,4900 107.1710 400.80001350.03133324.32877015.00600
14.4900 107.1710 40C.80001354.61153250.74226305.5000
14.4900 107.1710 400.80001362.86263166.71705373.0000
14.4900 107.1710 400.80001360.21653015.37804402.5000
14.4900 106.0994 400.83001325.59512796.53133582.0000
14,4900 102.8630 400.80001212.85432345.28792928.5000
14,4900 96.3945 400.80001044.05601861.91892313.0000
14.4900 81.7405 389,.5000 855.36931415.01251719.5000
14.4900 74.3459 353.5000 683.32301019.79221268.0000
14.1700 76.8895 257.0500 377.20511151.35908979.5000
13.7300 68.3368 174.3000 346.8000 477.7375 634.3000
11.7250 42.4296 140.3000 254.1168 397.0292 414.1500
7.8260 68,1713 109.1000 286.2393 341.1256 415.2000
5.7390 22.6346 73.3050 B82.8139 116.8424 129.2020
8.0050 16.5686 34.3000 39.3694 51.6021 56.0200
2.08890 4.0805 7.4700 6.5407 T.1154 6.2575
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7.2480 49.6706 244.0000 908.39201551.37152241.0000
7.2480 49.6706 244.0000 908.39201551.37152241.0000
T7.26480 49.6706 244.0000 908.39201551.37152241.0000
7.3060 50,8050 246.6000 859.48361160.53051385.9200
7.3630 52.4375 296.2000 924.91301525.93032191.7000
7.4380 57.9467 270.95001003.17121659.28772388.2000
7.5160 65.0700 306.70001156.43661916.84712762,7000
7.6870 73.8859 359.05001431.977(2388.67643456.5500
7.9350 96.0839 427.00001980.77373351.26294899.0000
8.2970 166.2487 533.30003634.101456314.28629396.8000
8.7750 151.6038 662.30003872.2938B6767.171910015.80

9.6140 127.7835 788.65004013.34145916.53398632.4000
10.6800 192.4292 697.20004758.00048042.95339179.2000
12.3000 120.4494 479.30002115.25063560.80395207.8000
14.4900 83.1076 2B4.1700 803.32631276.38111793.6000
17.2050 65.2228 175.1500 382.5307 576.1190 782.9000
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3500.0000 2.4000 17.3500
3525.0000 2.9105 14.4950
3550.0000 2.8940 10.3000
3575.0000 1.9165 5.9225
3600.0000 1.6700 3.6520
3625.0000 7548 1.6170
3650.0000 1.7000 5.7390
3675.0000 8216 6.5480
3700.0000 1.1080 6.2610
3725.0000 1.8290 7.9565
3750.0000 3.6410 5.5420
3775.0000 2.3740 4.3565
15

O. s I 0.
Oa Jde -20.
O« Q. -10.
0. 0. -30.
0. 0. -40.
0. C. -50.5
0. 0. ~60.
0. 0. -70.
0. Qe -80.
O. O. -90.
0e 0. -100.
[+ 28 0. -110.
0. 0. ~120.
0. 0. -130.
0. 0. ~227.
40.0 90.0 5.0
0.0 45.0 5.0

50 7500 25
12.0 800. 310.
117.0 260.0
100.
-05
$18SYS
SREMPV: SYSCK1

48.3638
35.5124
27.9394
29.4276
26.3659
54.1822
64,3051
59.4136
49.2759
40,7983
14.6976

0

38.05
32.07
35.06
29.08
26.09
23.10
20.11
17.12
14.13
11.14
9.65
9.65
9.65
9.65
130.

.0001

Fl6.

115.0000
83.6600
6444900
57.9500

109.1000

224.5381 328.2167 437.5000
157.4512 227.1599 291.1600
119.9758 172.9149 228.2900
119.0540 174.8517 235.7250
438.0095 730.28341057.6000

184.10001020.12111748.02952579.3500
286.40001705.54092943.15174354.4000
270.30001638.29852830.92644191.3000

228.4000
181.3500
41.3600
30.5050

0000000 O0OCOOOOO

14.

(concluded)

848.75291404.36212021.9000
577.6905 937.35411332.1000
93.2386 141.6329 193.3600
59.9359 90.9551 120.4550
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